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MES-FETishism III 


MES-FETs can be used for building 
power amplifiers too. Using simple par- 
allel circuits there is no significant rise 
in the upper limiting frequency. An 
amplifier chain does allow us to press 
ever closer to the limiting frequency of 
slope. It aiso exhibits some ‘‘interest- 
ing’’ features with respect to cooling, 
feedback and matching. 


1. 
POWER AMP'S HAVING NO 


MATCHING REQUIREMENTS 


A MES-FET with the operating point 
Ip= ISmA, Ugos= 0, S = 20ms and 
Rp op 3302 can, when driven in the 
linear section of the characteristic curve, 
deliver about 20mW (+13dBm) on its drain 
resistor. This requires a control voltage of 
about 0.4V.,. At the same time one would 
reckon the drain AC voltage to be 2.5V 4, 
the voltage amplification being greater 
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than six, Because of capacitance, the top 
frequency at the output is 800 MHz; at the 
input, where 330 ohms can be assumed, it 
amounts to 480 MHz, If we cascade stages 
of this kind, we soon fall short of the upper 
frequency of the VHF band (300 MHz), 
Circuit capacitance reduced the limiting 
frequency even further. 


If we require a littke more or less power, 
then a different operating point can be 
sought out by selecting a different G2 
voltage, The settings for this linear opera- 
tion can be taken from Fig. 1, which shows 
an average CF300 device of group B. 


Should significantly more power be re- 
quired, two or more MES-FETs with 
roughly similar characteristic curves can 
be soldered on top of one another, as Fig.2 
shows. Since they are not expensive, this 
can be more economic than looking for 
suitable components having higher power, 
Using this kind of circuitry the limiting 
frequencies can be maintained, Because of 
mutual heating, the technique reaches its 
limit at four devices. 
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Fig.l: Determining the operating point 
(a) for Linear operation and AC values 
(b) for an aveage example of a CF300B 
with 6 to 8V Drain voltage 
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Fig.2: Parallel connection of several 
FETs 
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If a MES-FET works in a resonant circuit 
or in a selective network and if distortion 
of the drain current is not a problem, it can 
be driven up to a square wave. The 
amplitude of the fundamental wave current 
becomes virtually equal to the drain 
current; the operating resistance must be 
reduced to half. Under these conditions the 
MES-FET now produces 40mW 
(+16dBm) RF power, which may already 
be adequate for small transmitters. The 
efficiency of about 30% is similar to other 
devices of lower power. 


All the same, the MES-FET requires only 
drive of wattless power up to high frequen- 
cies. Feedback is smaller too and we don't 
have to look for different devices, even 
with significant changes of frequency. The 
MES-FET will operate just as well at 900 
MHzas at 27 MHz. 


If the input of one of these low power 
amplifiers needs to be matched to the 
system resistance, a circuit as in Fig.3 can 
help. It has a 50Q input, additional 
amplification and the noteworthy isolation 
between output and input of more than 
60dB at 1 GHz. 


Fig.3; MES-FET PA with input 
matching 
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*UGs 
Fig.4: VMOS amplifier by Oxner (4) 


2. 
POWER AMPLIFIERS 
REQUIRING MATCHING 


It has already been mentioned carlier that a 
single MES-FET in a SOQsystem cannot 
give any amplification, Only when we use 
broadband or selective transformation on 
outputs and inputs does usable amplifica- 
tion arise, Broadband transformers can be 
produced in adequate quality up to around 
500 MHz. They are not much help, 
however, when we want to advance MES- 
FETs into higher frequencies. 


Of special significance in building receiv- 
ers is an intermodulation-proof input am- 
plifier. Modern receiver concepts with 
wide frequency ranges demand here broad- 
band amplifiers with IM3 values of around 
+20dBm at the input. For the frequency 
range beneath 200 MHz the problem has 
been solved since Oxner (4) devised a 
concept with the VMOS transistor VMP4. 


According to 
Oxner (4) 


12+/-0.5dB 
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Fig.5: 12dB amplifier with 50Q input 
and output 


It turns up again in Meincke/Gundlach (3), 
albeit with different data for the same 
circuit (Fig.4). 

A MES-FET circuit, which could do the 
same up to | GHz, would be desirable, 
Sadly, there are no power MOS-FETs for 
this application yet. We will try therefore 
to use five CF300 components in a circuit 
(Fig.5). The dimensioning follows the 
following formulae, which hold good for 


Rinpur= Routpur™ Zo: 
Ry = Z.°-S (1) 


GwdeGetjec <1 (2) 
2 


With S = 5 . 20ms = 100ms and Z,,= 50Q 
Rebecomes 250Q and G = 4(+12dB), The 
P_igpvalue on the input corresponds 
roughly to that of a single MES-FET 


According to 
Meincke/Gundlach (3) 


10+/-0.5dB 


2.4dB at 146 MHz <7dB 


40-265 MHz 


20-200 MHz 
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(+6dBm), as does the IM3 value 
(+16dBm). The limiting frequencies on the 
output and input are 1.5 GHz and 650 MHz 
respectively. A decrease of the first degree 
can be compensated with an inductance 
(approx. 15nH) in series with Rp and a 
frequency range of up to 1 GHz plus or 
minus 1dB can be achieved with construc- 
tion that is otherwise favourable. The data, 
however, are still not so good as with a 
VMP4 below 200 MHz. All the same it is 
of advantage to avoid the input trans- 
former, since the bandwidth limiting this 
Causes is lost. 


Theoretically it is possible to connect even 
more MES-FETs in parallel. This produces 
more slope or desired reserves for linearis- 
ing the slope by means of source serics 


Ferrite bead 


Fig.6: 
Amplifier chain; 
circuit principles 


resistors. This cannot be realised in prac- 
tice because of problems with the heat 
produced. It is additionally possible to buy 
ready-made gain blocks with comparable 
specifications (e.g. Avantek MSA1104). 
For this reason another solution was 
sought. 


3. 
AMPLIFIER CHAINS 


This principle played a major role in the 
valve era because it represents the quasi- 
parallel connection of active elements, in 
which the S/C ratio increases proportion- 
ally with their number. We could, so to 


Fig.7: 

Amplifier chain, 
experimental 
construction using 
minimounts 
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Fig.8: Circuit board layout for 
amplier chain. PCB material is 
1.5mm Epoxy material, copperclad 35 
microns on both sides 
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speak, advance to frequency bands for 
which no active elements exist. Anyone 
wanting to get better informed would do 
better to read older books (for example 
reference 2), In modern literature (3) you 
may find only a few sentences on amplifier 
chains. The principle can be seen from 
Fig.6. The MES-FETs are laid out in two 
rows so that their capacitances form a part 
of the track and no longer represent a 
problem. 


There are defined rules for dimensioning 
amplifier chains, which are ignored here 
nevertheless. We will make use of the fact 
that a 60Q line that is loaded every 15mm 
with IpF forms a good approximation of a 
50Q line. So that the gate and drain 
conductors become exactly equal, addi- 
tional 0.5pF capacitors are provided on the 
drains. An experimental construction on 
Minimount (Fig.7) produced on the first 
attempt a 3dB bandwidth of 1.4 GHz, 
giving vent to the suspicion that part of the 
attenuation measured arose from the not 
really suitable printed circuit board mate- 
rial used. Fig.8 shows the layout for epoxy 
PCB material. Construction on Teflon 
PCB material with SMD components is 
recommended if frequencies are to exceed 
1 GHz significantly. 


Siemens (1) give details of an amplifier 
chain with a frequency range above 2 GHz. 
It uses GaAs triodes, Using MES-FETs is 
not just significantly cheaper, this also 
leads to better values of feedback. 


Heat sinking is no longer a problem now; 
we could pack them even closer together. 
There should not be coupling between the 
input and output line; for this reason we 
solder screening of 15 to 20mm height 
above all the CF300s. Construction inside 
a metal case is not absolutely necessary 
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(the amplifier is stable and well-behaved in 
this open-top PCB construction) but modu- 
lar cases would be recommended on 
account of the top frequencies produced. 


Since my own measurement capabilities 
were inadequate, Mr N. Rohde of B&R 
Engineers was kind enough to undertake 
the tests of Fig.9, from which the forward 
and reverse amplification can be obtained. 


Apart from the flat behaviour of the 
forward amplification (-1dB at | GHz), the 
very high reverse attenuation is also 
apparent. The isolation is 60dB at 
100 MHz, 47dB at 1 GHz and still 41dB at 
2 GHz. These are values directly related to 
the small G1 drain capacities of the 
MES-FET and definitely cannot be ob- 
tained with gain blocks. 


In the scheme of Fig.6 the amplifier has a 
frequency range of six decades (1.5 kHz to 
1.4 GHz); larger coupling capacitors could 
easily bring this down lower. The amplifi- 
cation is, in agreement with previous 
considerations, 13dB. It can deliver below 
1 GHz with 1dB compression +22dBm 
(160mW). 


This corresponds to a P_jggvalue of 
+10dBm on the input, whilst the IM3 value 


oran 


oo 
HZ Fig.9: 
Frequency 
behaviour of the 
forward and reverse 
amplification of the 
amplifier in Fig.7 


there is measured as +18dBm. Input and 
output VSWR are below 1.5 and could be 
better if chip resistors were substituted for 
the line terminations visible in Fig.7. 


The noise of an amplifier chain is clearly 
lower than that of a single MES-FET, The 
equivalent noise resistances of the indi- 
vidual transistors are also connected in 
quasi-parallel. 


With ten MES-FETs the resulting noise 
resistance is in the order of magnitude of 
just a few tens of ohms. Certainly the line 
terminations contribute to the noise to the 
degree that a maximum always appears at 
n+ A(n=0, 1, 2, etc; Vis the wavelength of 
the line) and a minimum exactly between 
these. With the measurements given here, 
the noise figure decreases to 800 MHz, 
then up again. Measured values are 4,2dB 
at 150 MHzand 3.1dB at 435 MHz. 


4 
SUMMARY 


Although MES-FETs are first and fore- 
most small-signal devices, they still have 
usable large-signal properties. Transmitter 
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final stages of low power and also receiver 
input amplifiers with useful P., ypand IM3 
values can be constructed with them, using 
the principle of amplifier chains, quantities 
of them can be used together to increase 
amplification, reduce noise or create re- 
serves for linearisation measures (source- 
series antiphase coupling). Results are 
produced which approach those of VMOS 
solutions in the VHF range. 
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A simple Panorama add-on for 


Weather Satellite Receivers 


Anyone who constantly monitors the 
frequency range of polar- orbiting satel- 
lites (137-138 MHz) will find the pano- 
rama add-on described now a handy 
accessory. The precondition is a re- 
ceiver with manual tuning by means of a 
VCO, in which the VCO is sufficiently 
stable. 


DISCUSSION OF PRINCIPLES 


The panorama add-on generates a series of 
sawtooth voltages which are combined 


Ant 
Mheer 


Preamplifier 


with the tuning voltage in such a way that 
the oscillator frequency is swept symmetri- 
cally about the tuning frequency. 

The results are displayed on an oscillo- 
scope with X and Y inputs. The sawtooth 
voltage is applied to the X input and 
provides for the horizontal deflection. The 
output signal of the demodulator is applied 
to the Y input and controls the vertical 
deflection (Fig. 1). 


If a signal is received now in the swept 
frequency range, a sharp vertical point 
appears on the oscilloscope screen, the 
height giving a measure of the signal level. 
Whereabouts on the horizontal axis this 


Fig.1:Block Diagram of the Receiver with Panorama add-on 
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137.5 


138.85 


137.0 139.0 


Fig.2a: Oscilloscope picture with two 
satellite signals 


needle appears depends on the frequency 
of transmission, the tuning frequency, the 
frequency deviation and the linearity of the 
horizontal frequency scale. 


If the frequency-to-voltage curve of the 
VCO is linear, the horizontal deflection 
and frequency deviation will be propor- 
tional. With a deviation of plus/minus 500 
kHz and a maximum horizontal deflection 
on the ‘scope screen of 10cm, one centime- 
tre will always correspond to a range of 
100 kHz. This gives per centimetre more 
than double the bandwidth needed for the 
polar-orbiting satellites in the range 137 to 
138 MHz. If, for example, the receiver is 
tuned to 137.5 MHz, the satellites will be 
displayed side-by-side, conveniently sepa- 
rated (Fig.2). 

METEOR3-4 (137.3 MHz) lies 2cm left of 
centre-screen, NOAA 10 and 12 (137.5 
MHz) exactly in the middle, NOAA 9 and 
11 (137.62 MHz) 1.2cm to the right of 
centre and METEOR2-19 (137.85 MHz) 
3.5cm right from the centre, 


Receivers having manual tuning and a 
large control knob generally use a potenti- 


oe 


137.85 


137.62 


137.0 138.0 


Fig.2b: Oscilloscope picture with three 
satellite signals 


ometer to vary the tuning voltage. In these 
cases it is quite easy to connect up the 
panorama add-on, The connecting wire 
between the wiper of the potentiometer and 
the VCO is simply severed and the add-on 
wired in-between. 


Automatic frequency control cannot be 
used in this instance, so the AFC input is 
connected to deck. The tuning voltage 
required for a specific frequency in the 
range 137 to 138 MHz can be read off from 
Fig.3. The linearity for this application is 
quite sufficient. So, for example, we can 
take from the diagram that a frequency 
deviation of plus/minus 500 kHz will need 
a sawtooth voltage of around 0.8V peak to 
peak, 

The diagram is obviously only valid for 
this special oscillator, That means that 
every other type of oscillator will need to 
have its frequency-voltage characteristics 
measured and drawn up as a diagram. 
After that you can determine the linearity 
and work out how large the sawtooth 
voltage needs to be for a defined deviation 
of plus/minus 500 kHz. 
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LE A A SA A a) Me 
‘ Frequency-to-Voltage 
‘ characteristics of the 
Receiver 


CIRCUIT DESCRIPTION 


The forward/backward counters 4029 (1C2 
and IC3), the resistor network and the 
NOR gate 4001 (IC4a) together make a 
sawtooth generator. The slope of the 
sawtooth flanks is very linear since they 
are formed of 256 steps of equal size. 


The timer module 555 (IC1) produces the 
clock frequency, which passes via the 
analogue switch 4066 (IC9a) and the 
transistor stage TRI to the clock inputs of 
IC2 and IC3, Switch SW1 (SWEEP ON) 
must be open so that analogue switches 
1C9a and IC9d are closed; the UP/DOWN 
inputs of the counter are then high. This 
has the result that a sawtooth voltage with 
positive flanks is produced, 

Within certain limits the frequency of the 
sawtooth frequency is not fixed. A fre- 
quency of 16.6 Hz turned out to be useful, 
however, as this produced a relatively calm 
and flicker-free screen image on_ the 
oscilloscope even in the presence of 50 Hz 
and 100 Hz interference. 


In terms of frequency stability, the choice 
of 4266 Hz as clock frequency places no 
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special demands, since frequency devia- 
tion and horizontal deflection work in 
synchronism. 
The clock frequency is set with trimpot PI. 
The sawtooth voltage passes through the 
op-amp ICSa working in non-inverting 
mode to reach inverter ICSb, which at the 
same time renders the signal symmetrical. 
At the low-impedance X-output we now 
have a linear sawtooth voltage of plus/ 
minus 2.5V for controlling the horizontal 
deflection. Setting symmetry is achieved 
with spindle potentiometer P2. 
IC6a serves to attenuate the sawtooth 
signal, with step-switch S2 allowing three 
choices: 

+/- 500 Hz deviation for band 

monitoring 
+/- 150 Hz deviation for manual tuning 
+/- 30 Hz deviation for external 
frequency control. 

The values of the trimmers P3, P4 and PS 
are dependent on the slope of the measured 
voltage-to-frequency characteristic. 


The tuning voltage of the receiver, re- 
moved from the wiper of the tuning 
control, passes the voltage follower of TR2 
to the positive input of IC6b. The sym- 
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metrical sawtooth voltage connected to the 
other input goes to the differential ampli- 
fier, the output of which now has the 
tuning voltage with the sawtooth voltage 
overlaid. This signal is now led to the VCO 
where previously the wiper of the tuning 
control was previously connected direct. 


The signal for vertical deflection is taken 
directly from the S- meter, amplified in 
IC7 and placed on the Y input (Fig.4). 


If SW1 is closed (SWEEP OFF), [C9a and 
IC9d remain closed (for time t) as long as 
output Q of IC11 (4098) is low. At the 
same time IC9¢ is closed (Q is high) for the 
same interval t. Using comparator IC12 
(LM339) the momentary value of the 
staircase voltage is compared with 2.5V. If 
a positive difference results (>0V) the 
UP/DOWN inputs of the counters are set 
low and the counters count backwards, 


On the other hand, they will count for- 
wards when the difference is negative 
(<OV). By means of this antiphase cou- 
pling the voltage on the X output becomes 
zero at the end of time period t. In the same 
way this voltage can assume a value of 
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Fig.5: 
Circuit of theVvCO 


plus or minus (1/256) times 5 volts, that is 
plus or minus 20mV. This corresponds to a 
tuning error of +/- 1 KHz in switch setting 2 
of SW2. This minor aberration can casily 
be compensated for by hand. 


IC9a, Yo and 9d are opened at the end of 
time span t and the clock pulses from the 
555 no longer reach the counter inputs. 
IC9b and IC10c¢ are now closed. The 
counters can now be pulses forwards or 
backwards by pulses lying on the input 
CLK EXT. The direction of count depends 
on whether +5V or OV is applied to the 
EXT U/D input. 


If SW2 is in position 3, the frequency shift 
amounts to about 200 Hz per clock pulse. 
This simple digital frequency shift was the 
reason for using a digital, rather than 
analogue, sawtooth generator, The resis- 
tors around IC2, 1C3, IC5, IC6 and IC12 
should use metal film types on stability 
grounds. 


The circuit can be built up on perf-board. 
The operating voltages should be found in 
the receiver as required, 
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3. 
ALIGNMENT 


Offset alignment on the X output: put 
switch SWI to position 1 (SWEEP OFF) 
and adjust P2 to OV, 

The display spot should now be exactly in 
the middle of the horizontal axis. Fine 
adjustment can be carried out easily with 
the horizontal shift of the ‘scope. 

The receiver is tuned to 137.5 MHz. The 
deviation is adjusted to +/-500 Hz with 
trimmer P3, retaining switch SW1 in the 
SWEEP ON position and SW2 on |. 


If no RF signal generator is available, a 
satellite signal can also be used direct. The 
X amplifier of the oscilloscope is adjusted 
so that the horizontal line of the picture 
matches the screen exactly. 


Resistor values P3, P4 and PS are propor- 
tional to the frequency deviation desired; 
so after adjustment of P3, the alignment of 
P4 and P5 is carried out with a resistance 
measurement set. 


4, 
USER REPORT 


Practical use has proved that the already 
cight years old weather satellite receiver of 
the author has sufficiently frequency sta- 
bility. To avoid temperature drift following 
switch-on, the power supplics to the RF, 
mixer and oscillator stages of the receiver 
are never switched off. If the receiver is 
tuned to 137.5 MHz in the morning, then 
the signal of NOAA10/12, if in range, can 
be received all day without retuning. The 
possible Doppler shift is not taken into 
consideration, 

The sole reason for checking the VCO for 
frequency instability is because a crystal 
oscillator is used as the second oscillator, 
converting 10.7 MHz to 455 kHz. 


An improvement to the stability could be 
effected using the following measures: 

— Stabilising the base voltage with 
two silicon diodes; 

— Using metal film resistors and 
capacitors with small temperature 
coefficients; 

— Adding a ten-turn potentiometer for 


address shown on the inside cover, or to 


UKW-Berichte direct. 
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VHF COMMUNICATI 


Theory and Practice of the 


Frequency Synthesiser 


Part | 


Although nowadays frequency synthe- 
sisers form part of all radio equipment, 
it is clear that comparatively little is 
known about this technology in amateur 
circles. For older amateurs, in particu- 
lar, there is even an aversion to synthe- 
siser control transmitters. Here, the 
shock of the first *‘spurious wave syn- 
thesiser circuits’’ has probably gone too 
deep. It is the aim of this article to 
refresh basic knowledge and introduce 
some more recent developments, thus 
enabling the interested reader to analyse 
modern synthesiser concepts and to 
evaluate them by breaking them down 
into known functional units. 


In the second part of the article, the part 
circuits of a synthesiser will be described 
in more detail and instructions are given 
for the dimensioning and the metrological 
investigation of synthesisers, The third 
part explains some interesting techniques, 
using two examples: a UHF synthesiser, 
which scans the range between 450 and 
1,400 MHz in 50 kHz steps and can act as 
a local oscillator for the DBINV 006...011 
spectrum analyser, together with a frac- 
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tional N-synthesiser, which can generate 
frequencies between 10 and 20 MHz with 
a resolution of 12.5 Hz. 


1. 
REASONS FOR THE 
INTRODUCTION OF 


SYNTHESISER OSCILLATORS 


The main reasons for the introduction of 
synthesiser oscillators in transmitters and 
receivers were the improved stability of the 
frequencies generated and the defined 
generation of frequency allocation 
schemes. In commercial radio, with estab- 
lished channels, this meant that operation 
was simplified if the complicated proce- 
dure for calibrating a VFO against a crystal 
calibrator (which also had to be repeated 
periodically) could be dispensed with. So 
the first synthesisers were already being 
developed in the ‘fifties and were used in 
commercial short-wave radio, but there 
could be no thought of widespread use 
because of the valve technology. 
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With the progress in semi-conductor engi- 
neering and digital technology, new per- 
spectives appeared in the use of synthesis- 
ers: in addition to the control of tempera- 
ture drift and ageing, rapid changes to the 
generated frequency through hum or how! 
back could now be controlled, and the 
integrated digital circuits made it possible 
to replace the expensive mechanics of 
conventional VFO's, which meant equip- 
ment could become cheaper. 


The expenditure on synthesisers for con- 
tinuously variable transmitters and receiy- 
ers was for a long time too great; here a 
combination of a course-stage synthesiser 
with an accurate VFO for interpolation 
between the grid points was and is the state 
of the art. 


The advantages of a synthesiser as control 
oscillator can nevertheless be summarised 
as follows: 

— Accurate frequency setting in given 
channel grids, irrespective of tem- 
perature drift and component age- 
ing 

— Frequency stability specified for 
only one component, the mother 
crystal 


— Possibility of synchronisation 


Phase 
discrisa 


fe PD 


Control 


oe 
through an externally applied 
standard frequency 

— Control of interference due to hum 
stray effect or howl back 

— Equipment becomes simpler and 
cheaper due to replacement of 
expensive VFO mechanics. 


The core of most synthesiser circuits is one 
or more PLL's (Phase Locked Loops). 
Describing the mathematics of PLL cir- 
cuits would take some time and not 
everyone can understand it. We shall 
therefore content ourselves with consider- 
ing a concrete example. Anyone who 
wishes to go into it more deeply will find 
sufficient information in the literature, c.g. 
in (7). 


2. 

BASIC STRUCTURE AND 
CHARACTERISTICS OF A 
PHASE LOCKED LOOP 


A PLL has a structure as per Fig. 1: 


A voltage-controlled oscillator or VCO 
gencrates the output signal. One part of the 


amplifier 
DB1NV fe > 
Fig.l: Basic structure of a Phase Locked Loop 
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output signal controls a phase monitor, to 
the second input of which is connected the 
input signal of the phase locked loop. The 
phase monitor or phase discriminator 
(often abbreviated to PD) supplies an 
output voltage, which is proportional to the 
phase difference of the two signals, An 
automatic volume control with low-pass 
characteristics controls the VCO in such a 
way that the phase displacement between 
the input signal and the VCO has a 
constant value (usually 0 degrees or 90 
degrees). 


At first sight, this circuit does not make 
much sense. The input signal comes out of 
the VCO again with the same frequency, 
However, a closer look reveals the follow- 
ing characteristics of the PLL control 
circuit: 

~~ If the input signal has amplitude 
modulation, a suitable phase dis- 
criminator will ignore the AM and 
transmit only a frequency modula- 
tion (if present) to the VCO, i.e, 
the circuit works like a limiter 
amplifier. 

—~ The frequency modulation of the 
input signal will be transmitted to 
the VCO only if the modulation 
frequency is lower than the cut-off 
of the control amplifier. This can 
be used to regain the carrier fre- 
quency from a_ frequency-modu- 
lated signal or, for example, to 
suppress unwanted high-frequency 
spurious modulations. 

— The following behaviour with 
noisy input signals arises from 
what has just been said. A *‘slow"* 
PLL circuit with a high-quality 
VCO with good noise characteris- 
tics will not follow the noisy input 
signal above its control cut-off, 
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Only in the control range is the 
noise superposed on the VCO, 
This means that far away from the 
carrier the phase noise is deter- 
mined by the high-quality VCO, 
and in the vicinity of the carrier by 
the input signal. This configuration 
is therefore suitable for removing 
wide-band noise and spurious 
modulations from the input signal, 
If, on the contrary, the VCO is 
poor, which generates a great deal 
of phase noise, for example, due to 
its wide tuning range, then its 
noise characteristics can be im- 
proved with a rapid PLL, provided 
a low-noise reference signal is 
available. 

— With suitable phase discrimination 
it is also possible to synchronise 
the VCO to harmonics or sub- 
harmonics of the input signal, One 
application, for example, would be 
the synchronisation of an oscillator 
to the upper harmonic wave of a | 
MHz crystal oscillator. Here the 
phase control circuit forms a high- 
quality tuneable filter, the fre- 
quency of which is set by means of 
the pre-tuning of the VCO, 


On the basis of these principles, the 

various PLL circuits can be divided into 

different application ranges in accordance 
with their control band widths; 

© Extremely slow phase control cir- 

cuits with control limit frequencies 

in the range of fractions of a Hertz 

are found in the preparation of 

standard frequencies. They can be 

used, for example, to link a VHF 

crystal oscillator, stable over bricf 

periods, to a standard, stable over 

long periods, for example a rubid- 
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ium standard, for drift compensa- 
tion purposes. 

A similar application is the syn- 
chronisation of a crystal oscillator 
with a normal frequency transmit- 
ter, ¢.g. DCF77. Here, however, 
the control must have a_ time 
constant of hours, so that the 
daytime propagation oscillations do 
not make themselves felt as a 
frequency modulation on the crys- 
tal frequency. The knowledge 
gained above can be well used 
here. The input signal of the phase 
control circuit has a spurious fre- 
quency modulation of which the 
lowest frequency is I/day, since 
the propagation oscillations vary 
with the daily rhythm. In order to 
suppress this interference, an ex- 
tremely low control limit frequency 
should be selected. For the crystal 
oscillator to attain a stability com- 
parable with the DCF signal, it 
must itself have such a_ stable 
frequency that there is no notice- 
able drift in the course of a day. It 
can be seen that a link with a 
standard frequency transmitter is 
logical only if the local crystal 
oscillator is of correspondingly 
high quality, Anyone with a deeper 
interest in this topic will find 
further information, for example, in 
(1). 

Slow and medium-speed PLL con- 
trol circuits with control band 


Crystal 
osc 


lt 


2B. MHz 
Fig.2: Frequency synthesis using the filtration process 


+ 

widths from a few Hertz up to app. 
| kHz are normally used to syn- 
chronise a free-wheeling LC oscil- 
lator with a crystal standard. In this 
way, temperature drift, ageing and, 
at higher control band widths, 
network hum and howl back too, 
are controlled, In this group, we 
find the standard synthesiser oscil- 
lators in radios. Above the control 
band width, the VCO can be 
frequency-modulated — directly, 
which is normal for FM radios. 
Modulation fractions within the 
control band width are controlled 
by the PLL as disturbance vari- 
ables, 
The output spectrum of the synthe- 
siser in the vicinity of the carrier 
(+/- about 100 Hz) is determined 
by the stability of the mother 
crystal, and further away (e.g. in 
the adjacent channel) by the short- 
time stability of the VCO, i.e. by 
the quality of the resonance circuit 
and the accuracy of the oscillator 
operating voltages, This discovery 
gives the lie to all those asserting 
that “‘it’s all right if your VCO's 
crude, it will be kept on course by 
the mother crystal’’. If the VCO 
can be used without a PLL, but 
with just a tuning potentiometer 
and accurate tuning voltage for 
radio operation (apart from the 
temperature drift), then it's a suc- 
cessful construction. 


n-IMHe 
DBINV 
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Fig.3: Expanded filtration process with inverse mixing 


® Extremely rapid phase regulation 
circuits with regulation band 
widths of more than 100 kHz are 
used predominantly (apart from 
their use in digital transmission 
engineering) to connect oscillators 
with very broad tuning ranges to a 
low-noise reference. For one thing, 
VCO's tuncable over a broad band 
have low Q-values, and for another 
even the lowest noise and hum 
voltages act as spurious modula- 
tions, Synchronisation with a low- 
noise reference source through a 
broad-band PLL can improve the 
phase noise of the VCO by orders 
of magnitude, The main applica- 
tion of such regulation circuits lies 
in radio frequency measurement 
equipment, ¢.g. in synthesiser- 
tuned standard signal generators, 


3. 
PROCESS FOR FREQUENCY 
SYNTHESIS 


A frequency synthesiser circuit's job is to 
generate from an existing reference fre- 
quency (e.g. a crystal oscillator) an output 
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frequency which can be adjusted in stages, 
the stability and reproducibility of which 
correspond to the reference. Phase locked 
loops are not necessarily compulsory here, 
The same end can also be achieved by 
means of frequency dividers, mixer stages 
and filters. Frequency synthesis processes 
involving the use of frequency division, 
mixing and reproduction are generally 
described as *‘direct synthesis'’, and proc- 
esses using PLL’s as ‘‘indirect synthesis", 


So that the structure of complex synthesis- 
ers can be understood, the individual basic 
processes and the corresponding func- 
tional units are now presented; 


3.1. The filtration process 


For a long time, simple frequency synthe- 
sis processes have been used in short-wave 
receivers in which the oscillator signal is 
generated by mixing an accurate VFO with 
a reversible crystal (*‘band crystal’’). This 
was done to avoid the VFO frequency 
range, This solution was acceptable for 
amatcur equipment. For receivers with a 
continuous frequency range of 0 to 30 
MHz, about 30 crystals were required if a 
VFO tuning range of | MHz was used, 
Since the crystals had to be individually 
tuned, the manufacturing and calibration 
costs were considerable, 
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Fig.6: A Phase Locked Loop with frequency divider 


An alternative was found in the shape of 
the following process (Fig. 2). A crystal 
oscillator (e.g. 1 MHz) powers a harmonic 
generator stage, at the output of which all 
the harmonics of the crystal frequency are 
included, up to a pre-set maximum fre- 
quency, The desired harmonic is selected 
by means of a tuncable filter and fed into 
the receiver circuit. Only one crystal is 
required, and apart from the VFO calibra- 
tion the receiver requires only one crystal 
to be tuned. The cost of this technique lies 
in the filter, tuneable or reversible in 
stages, and increases with the requirement 
for the signal to be free of spurious 
emissions, The expense on the filter can be 
considerably reduced if the circuit is 
expanded, in accordance with Fig.3, by 
two mixers, a low-pass and a tuneable 
oscillator. 

The harmonic spectrum generated by the 
crystal oscillator is spectrally limited 
through a deep pass and mixed with the 
signal from the tuneable oscillator. If the 
sum of a crystal harmonic and the oscilla- 
tor is in the pass band of the subsequent 
band pass, it goes through to the second 
mixer and is mixed back into the original 
frequency position - hence the name, 
reverse mix process. The two mixers and 
the fixed-tuned filter are used to simulate a 
variable-frequency filter. But the best of it 
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is that the tuneable oscillator used for 
mixing does not need to be specially 
stable, since its frequency drift has no 
influence on the output as long as the 
desired mixed product lies in the pass-band 
range of the band pass, 


This process was developed in the ‘fifties 
for commercial Communications receivers 
by Dr. T.L.Wadley at the Racal company, 
and came into use in the first amateur 
all-band receivers, such as the Barlow- 
Wadley XCR30 or the Drake SSR1, about 
twenty years later. 


3.2. The mixing process 


If a large number of crystal-stabilised 
frequencies are to be generated in a pre-set 
channel grid, this can be achieved by 
mixing suitably staged crystal oscillators, 
the expense being even smaller than with 
individual crystals. Fig. 4 shows one 
example of how this system was used, ¢.g. 
in Collins military aircraft radios from the 
valve cra; this synthesis concept generates 
frequencies in between 225 and 400 MHz 
in the 100 kHz grid. Two decimal-stepped 
reversible crystal oscillators directly gen- 
erate the 100 KHz and | MHz stages. A 
ninefold crystal oscillator with a thermo- 
stat supplies the 10 MHz stages. Because 
of the many selective amplifier stages, to 
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Fig.7: 


be synchronously mechanically tuned, the 
equipment was a miracle of light engincer- 
ing. The cost of maintenance must have 
been considerable. 


A similar process was perfected in the 
same period, which was referred to by the 
term ‘‘frequency decade"’, and which had 
the advantage that frequency resolutions of 
any fineness required could be obtained by 
means of cascading identical operational 
units, Frequency decades (also referred to 


the taeN te 


A Frequency Synthesiser with mixing 


as decadic synthesisers) have the great 
advantage that all oscillators run perma- 
nently at fixed frequencies and need to be 
reversed only on the output side. Since no 
PLL control circuits need to build up, 
frequencies can be changed more rapidly, 
which still secures a market share for the 
frequency decade even today. 


Fig. 5 shows the basic structure of a chain 
consisting of two decades; an input fre- 
quency, Fo, of, for example, 10,..11 MHz 


Fig.8: 
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Combination of Filter synthesis and PLL synthesis 
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cs 
is mixed, through a mixer, with an 
oscillator tuneable in 1 MHz stages be- 
tween 90 and 100 MHz, Gl. Let the 
oscillator, G1, be synchronised with the 
decade's standard frequency of 1 MHz. In 
the simplest case, G1 can be a “locked 
oscillator’’, which is synchronised through 
direct coupling in of the 1 MHz reference. 
Another possibility is the use of the filter 
process mentioned in Section 1, with 10 
reversible band passes, The total of Fo and 
G1 is filtered out using a travelling band 
pass filter and then divided by 10, The 
frequency, FL, at the output of the divider 
is then: 

ty = (fo + fa1)/10 (1) 


and acts as the input signal for a second 
identical decade stage with G2 as oscilla- 
tor. The output frequency, F2, then equals: 


Joy, 


{ 
fe = (ty + tas10= —— + 
100 100 ~=«+10 


(2) 
As can be seen, by cascading the decades a 
signal can be generated with as fine a 
frequency resolution as desired, 

However, in practise the simple structure is 
temperamental, since harmonics of the 
input signal and direct breakdown of the 
generators, G1 or G2, must also be taken 
into account in the mixing process, which 
increases the cost of the band pass filter or 
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makes multiple frequency changing neces- 
sary. A relatively modern frequency dec- 
ade with multiple shifting is, for example, 
the PTS 160 (2). The great advantage of a 
frequency decade is the rapid frequency 


-changing; for this purpose, the mixing 


frequencies required for G1...Gn are cen- 
trally generated for all decades and only 
buffer stages and switches are used in the 
individual decades instead of the genera- 
tors, 

Frequency decades were already being 
built in the valve age and were the first 
synthesiser circuits which came into use in 
large numbers, Older amateurs will per- 
haps still remember the ‘‘Schomandl dec- 
ades’’ with 50 to 100 valves. 


3.3. The phase locked loop with 
adjustable divider 


If the phase locked loop from Fig, 1 is 
expanded, in accordance with Fig. 6, by an 
adjustable frequency divider between the 
VCO and the phase detector, then we have 
the simplest form of a PLL frequency 
synthesiser, The reference frequency is 
selected as per the desired grid point 
interval (c.g. 25 KHz), and by sclecting a 
suitable divider factor we can use any 
whole-number multiple of the reference 
frequency. The VCO is dimensioned in 


pre-divider 
iV 
fixed 


Fig.9: PLL frequency range expansion with fixed pre-divider 
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Fig.10; Frequency range expansion with dual-modulus pre-divider 


accordance with the required tuning range 
and the low-pass filter in the control 
amplifier is to be selected in such a way 
that, firstly, the control loop builds up 
rapidly and stabily and, secondly, the 
residues of the reference frequency which 
is still present at the phase detector output 
do not reach the VCO and generate a 
spurious modulation there in the form of 
secondary lines with the interval of the 
reference frequency. Many sins were com- 
mitted by the first radio sets with PLL 
synthesisers in this context, because the 
steep spike pulses from the frequency 
divider and phase monitor reached the 
VCO in every possible way and laid the 
foundation of the ‘‘lattice fence image’* of 
the synthesiser technique in amateur cir- 
cles, 


The basic circuit described is suitable for 
the generation of frequencies below app. 
50 MHz in wide channel grids above 
approximately 10 kHz, At higher frequen- 
cies, creating adjustable frequency divid- 
ers becomes more and more difficult and 
expensive, so that it is better to use one of 
the three following circuit variations. For 
narrower channel grids, the build-up time 


for the control loop becomes too long, 
since then the limit frequency of the 
control amplifier must be selected low, in 
the interests of adequate suppression of 
spurious emissions. Controlling the hum 
and howl back of the VCO is thus no 
longer possible, In this case, it is better to 
tur to multi-loop PLL’s, fractional-N 
techniques, direct digital synthesis or a 
combination thereof, 


3.4. Phase locked loop with mixing 


If the VCO is to work at frequencies which 
can no longer be economically processed 
using an adjustable frequency divider, then 
a process in accordance with Fig,7 can be 
used. The output frequency of the VCO is 
mixed down using a crystal-stabilised 
reference frequency into the operating 
range of the frequency divider (usually 
below 10...20 MHz), Should the tuning 


. range of the VCO exceed these frequen- 


cies, then several reversible crystal oscilla- 
tors are used and switched appropriately. 
This circuit is still used, even today, in 
many synthesisers for VHF equipment, in 
particular for FM portable sets. It can be 
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structured so as to save more cnergy than 
the pre-divider processes described in the 
next two sections. The disadvantage of the 
mixing process is that the output frequency 
of at least two crystal oscillators is 
determined, which impairs the long-time 
stability. This can be got round if the 
mixing oscillator frequency is generated, 
as per Fig. 8, by multiplying and filtering 
the reference crystal, By switching over 
the filter, a large VCO tuning range can 
also be covered, This circuit can be set up 
as a combination of a PLL synthesiser with 
a filter synthesiser as per Section 3.1.. 
Many radio equipment manufacturers go 
still further and also use the reference 
crystal as a mixed oscillator for conversion 
to a second intermediate frequency or as a 
BFO. The goal is thus achieved of taking 
the reception or transmission frequency 
back to an individual reference frequency. 


3.5, The phase locked loop with 
pre-divider 

In cost-critical mass production applica- 

tions, ¢.g. in audio systems, the cost of an 

additional crystal oscillator or a multiplier 

with a filter is higher than that of a rapid 
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fixed frequency divider, A PLL with a 
fixed pre-divider in accordance with Fig. 9 
is the standard circuit in tuning synthesis- 
ers for VHF radio equipment, television 
receivers and video recorders. The fixed 


. pre-division operates as though the adjust- 


able frequency divider could be adjusted, 
not in single steps, but only in multiples of 
the pre-division. This is equivalent to 
saying that the reference frequency can not 
be selected at the phase discriminator to be 
equal to the channel interval, but must be 
selected to be smaller by the pre-division, 
This has the following consequences. 
Owing to the lower phase monitoring 
frequency, the filter is to be dimensioned at 
a lower frequency to remove the monitor- 
ing frequency residues, which brings about 
a slower build-up of the loop after a 
frequency change. Moreover, the slower 
loop can control bad interference on the 
VCO frequency, ¢.g. hum or howl back, 
But these disadvantages cause little inter- 
ference in the audio systems sector: there 
is no continuous frequency switching, as 
with a radio set operating as a transceiver, 
the build-up time of the synthesiser for a 
channel change is not critical, whereas, for 
example, on a TV set the picture and line 


Fig.11: A PLL circuit with frequency multiplication 
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synchronisation must also build up, and the 
requirements in relation to the accuracy of 
the VCO in the vicinity of the carrier are 
considerably more relaxed than in SSB or 
telegraph mode. 


PLL's with fixed pre-division are hardly 
ever used in radios. The options described 
in Section 3,6, are more often made use of, 
with a reversible pre-divider. 


3.6. The phase locked loop with 
reversible pre-divider 


The phase locked loop with reversible 
pre-divider combines the advantage of the 
circuit options above, lower expense as 
against a mix, with the higher phase 
monitoring frequency of the mixing PLL. 
Phase locked loops with reversible pre- 
dividers are also described in the literature 
as PLL's with dual-mode pre-scalers or as 
swallow counter PLL’s. The key compo- 
nent here is a rapid pre-divider, which can 
be switched using a control signal to the 
divider factors N and (N + 1); possible 
divider factors are 10/11, 40/41, 80/81 or 
128/129. The structure of a PLL with a 
dual-mode pre-divider is shown in Fig. 10, 
and largely corresponds to a PLL with a 
fixed pre-divider, except that, parallel to 
the adjustable frequency divider (here 
usually known as an M-divider) a further 
adjustable counter is mounted, which uses 
logic to switch the pre-divider between the 
divider factors N and (N + 1). The 
procedure is as follows. When the M- 
divider overflows, both A-dividers and 
M-dividers are loaded with their pre-set 
values and begin to count upwards in 
“common mode", with the pre-divider 
switched to (N + 1), If the A-divider has 
counted down to zero, the pre-divider is 
switched to N and the A-divider is stopped 


+ 


until the next overflow from the M-divider. 


The cycle then begins again. The overflow 
pulse from the M-counter controls the 
phase discriminator. M pulses per cycle 
are needed at the output of the pre-divider, 
so the pulses from the pre-dividers A are 
switched to (N + 1) and (M - A) pulses are 
switched to N. The VCO also has to supply 
oscillation cycles in a cycle of: 


A(N + 1) +(M-A)N 


By conversion, the total divider factor thus 
becomes A + MN, which corresponds to 
the desired result. In spite of the pre- 
division, the phase monitoring frequency 
can be set in stages using the auxiliary 
divider A. The A-divider makes a kind of 
interpolation possible between the fre- 
quency stages pre-sct by the pre-division 
of N times phase monitoring frequency. 
Since the switching cycle between N and 
N + I is synchronous with the reference 
frequency, these processes are not notice- 
able as spurious modulations to the phase 
detector signal. Modern integrated PLL 
circuits contain the logic and the A-divider 
to drive a dual-mode pre-divider, and the 
structure of such a synthesiser thus be- 
comes relatively simple. This circuit has 
therefore become a standard module of 
many modern radios, 


3.7. The phase locked loop with 
multiplication 


The disadvantage of the PLL circuit 
presented above with a frequency divider 


_ in the control loop is that a spurious 


modulation of the VCO in its phase 
variation is divided down before it arrives 
at the phase discriminator. The obvious 
idea of simply raising the amplification of 
the control amplifier in order thus to 
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improve the control of VCO instabilities is 
not practicable for two reasons. Firstly, 
both the frequency divider and the phase 
discriminator generate extremely small 
phase instabilities, which can not be 
distinguished trom the phase noise of the 
VCO, This can even go so far that the 
noise contributions of the divider and the 
phase discriminator predominate at the 
control input of the VCO, and the PLL can 
even make the noise characteristics worse. 
Secondly, a phase discriminator can sup- 
ply only an endless quantity of ‘readings’ 
per period of its input signal for phase 
deviation, a digital discriminator supplies, 
for example, one or two readings per 
period, This means that faster phase 
oscillations in the VCO signal can not be 
controlled in principle. So the control band 
width of a divider PLL is also restricted to 
a fraction of the phase monitoring fre- 
quency, 


The solution to these problems is a phase 
discriminator which acts directly on the 
final frequency of the VCO and is driven 
by means of the reference frequency; Fig. 
11 gives an outline diagram of this. At 
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higher frequencies, PLL’s of this type can 
no longer be created using the standard 
circuits for phase discriminators consisting 
of logic gates, so we have to turn to the 
following solution. The reference fre- 


» quency is converted into a sequence of 


extremely short pulses using a stcp- 
recovery diode and fed into an analogue 
phase discriminator, for example a ring 
mixer, at the other end of which is the 
VCO signal. The equal fraction at the 
mixer output follows the VCO up in 
familiar fashion. The functioning of the 
phase monitoring can also be understood 
as mixing a harmonic with an intermediate 
frequency of zero. In principle, the VCO 
can be locked to each harmonic of the 
reference frequency, so a pre-tuning of the 
VCO in the vicinity of a locking point, c.g. 
using a digital-analogue converter, is still 
necessary for the defined setting. The 
advantage of this circuit engineering is 
that, with reference frequencies in the 
megahertz range, a control band width of 
several hundred Hz can be obtained, so 
that even wide-band control of the VCO 
phase noise is possible, This type of PLL 


LL 
control 


F 


Control 
amp 
®& »p 


Fig.12: Basic principle of Fractional-N Synthesis 
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Fig.13: Mode of operation of Phase accumulator 


can be regarded as a kind of variable~ 
frequency filter, which precisely filters out 
one frequency from the “‘lattice fence’’ of 
the reference spectrum. 


The step-recovery diode and mixer sub- 
assemblies are in practise manufactured as 
so-called sampling mixers or sampling 
phase discriminators, We shall come back 
to this interesting circuit. 


3.8. Digital interpolation 


The disadvantage of the synthesiser con- 
cept described above is that the phase 
monitoring frequency pre-determines the 
frequency grid. A narrow frequency grid 
means a low phase monitoring frequency 
and thus a long build-up time after a 
frequency change and insufficient control 
of interference on the VCO. We therefore 
looked for ways to develop synthesisers 
with fine frequency resolution and satis 
factory control behaviour at the same time. 
The first digital interpolation process has 
only modest claims to freedom from 
harmonics, but it forms the basis for an 
understanding of fractional-N engineering. 
Digital interpolation was introduced in the 
amatcur literature quite some years ago 
through the **Suedwind"' radio (3), 


The basic concept is simple, If we periodi- 
cally switch over the divider ratio between 
N and N + | ina divider-synthesiser, using 
any circuit engineering, the phase dis- 
criminator in the middle is presented with a 
frequency which lies between the frequen- 
cies represented by N and N + 1, By 
varying the keying ratio, we can set the 
“‘interpolated’’ frequency, For example, 
should the divider factor N represent the 
frequency of 10,000 MHz and should N + 
| represent 10,010 MHz, then, if we switch 
over in the keying ratio 1:1, we get an 
average output frequency of 10,005 MHz. 
For a setting of 9 time units N and one time 
unit N + 1, we get an output frequency of 
10,001 MHz, But since the phase discrimi- 
nator never receives the reference fre- 
quency presented, but a frequency which is 
too high or too low, a control voltage will 
form which tries to tighten up the VCO, If 
the control loop is fast enough, then the 
VCO will jump backwards and forwards 
between the two frequencies, If we make 
the control loop slow, then the control 


‘amplifier averages out the oscillations, but 


the build-up behaviour becomes sluggish. 
The final effect is that no significant 
advantage is obtained as against a PLL 
with a lower reference frequency and thus 
4 finer resolution, With additional expense, 
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it is certainly possible to set the frequency 
lying nearest in the channel grid immedi- 
ately when there is a frequency change, 
with a small control time constant, and 
then to activate the interpolation logic with 
a large control time constant. However, the 
result bears no relation to the expense. 


3.9, Fractional-N technology 


Fractional-N synthesisers use the idea of 
cyclical switching between N and N + 1 
explained above to interpolate between the 
frequencies pre-determined by N, The 
decisive additional concept is to compen- 
sate for the periodic interference voltage 
arising at the output of the phase discrimi- 
nator instead of filtering it out. Thus the 
characteristics of the basic synthesiser 
with a high monitoring frequency can be 
retained, but with the fractional-N technol- 
ogy supplying the fine interpolation reso- 
lution. 
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Fig. 12 shows an initial approach to 
solving the problem. A normal synthesiser 
forms the basic equipment. Between the 
VCO and the adjustable frequency divider 
a circuit is introduced which I might 


- loosely describe as a ‘pulse claw circuit’’. 


It cuts out precisely one period from the 
signal coming from the VCO if it is 
activated, If the circuit is activated once in 
a counting period of the setting divider, the 
VCO must then generate N + 1 pulses in 
that time instead of N, The ‘pulse claw 
circuit’’ thus brings about the switching of 
the divider between N and N + | without it 
being necessary to re-programme the di- 
vider, The switching is controlled by a 
circuit unit which is also new, the sched- 
uler. So far the structure corresponds to a 
synthesiser using digital interpolation. 


As a result of the periodic switching 
between N and N +1, the output voltage of 
the phase monitor now contains an AC 
voltage fraction which would modulate the 
VCO and cause interference. In order to 
compensate for this interference fraction, 
an additional stage is introduced between 
the phase discriminator and the control 
amplifier which receives its signal from a 
digital / analogue converter. The D/A 
converter is provided with the digital 
compensation information by the 
scheduler, 


In the literature, for example in (4) or 
(5),with regard to the obtaining of the 
compensation signal, it says only that it 
can be calculated from the interpolation 
frequency. In order to be able to under- 
stand the procedure and thus construct the 
scheduler, let us start with the following 
imaginary experiment. Suppose the syn- 
thesiser is operating at an output frequency 
of 10,001 MHz and a phase monitoring 
frequency of 100 kHz. Let the setting 
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Fig.14: Analogue version of a DDS Synthesiser 


divider be programmed to N = 100, 
Normally this setting is not stable and the 
phase monitor will pull the VCO down to 
10,000 MHz. If we keep the VCO at its 
frequency, then the phase difference be- 
tween its divided down signal and the 
reference frequency will increase with 
each reference period. Since the actual 
VCO oscillation is higher than corresponds 
to the channel grid, a staircase-type voltage 
sets in, in a negative direction, at the phase 
discriminator output, which wants to pull 
the VCO downwards. Without further 
measures, the staircase-type voltage works 
against the lower selection limit of the 
phase discriminator. But if we cut out one 
pulse from the VCO signal, with the help 
of the pulse claw circuit, then the phase of 
the divided VCO signal is pushed back a 
certain amount, the output voltage of the 
phase monitor jumps upward by a certain 
amount and remains within its operating 
range. The scheduler must thus activate the 
pulse claw circuit periodically and thus 
keep the phase monitor in the operating 
range. The interference signal created by 
the switching between N and N + 1 is 


consequently a sawtooth, the amplitude of 
which depends on the height of the phase 
jump in the N/(N + 1) switching and thus 
on the divider factor N. 


The interference is successfully compen- 
sated for if the D/A converter generates a 
sawtooth of equivalent size but displaced 
through 180 degrees. The control amplifier 
records the total of the two signals, which 
in the ideal case is an equal fraction, and 
keeps the VCO at the frequency of 10,001 
MHz, i.c. between the grid points. 


The scheduler is constructed in accordance 
with a process which is known by the name 
of phase accumulation, The outline dia- 
gram in Fig, 13 shows that a so-called 
phase accumulator is linked to an adder in 
such a way that its contents are periodi- 
cally incremented by the contents of the 
frequency register (it contains the frac- 
tional part of the divider ratio). This 
process is repeated every time the fre- 
quency divider overflows. The overflow of 
the adder drives the ‘‘pulse claw circuit"’ 
and the upper bits from the phase accumu- 
lator form the input signal of the D/A 
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Fig.15: DDS Synthesiser with digital modulation 


converter for the interference signal com- 
pensation, As already mentioned, the com- 
pensation signal has still to be multiplied 
by the N-divider ratio set. The simplest 
way to do this is by means of a superim- 
posed pulse width modulation. We can, for 
example, control the switching-on time of 
the compensation signal proportionally to 
the periodic duration of the VCO. With a 
high N and thus a high VCO frequency, we 
then automatically get a shorter duty cycle 
for the compensation signal. 


The word width of the phase accumulator 
corresponds to the number of ‘‘fractional"* 
frequency steps between two N-stages. If, 
for cxample, we wish to insert 100 
fractional frequency stages between the 
grid stages, then the phase accumulator has 
a word width of two decimal places. The 
way the phase accumulation functions can 
be seen more clearly in the following table, 
Here a word width of one decimal place is 
assumed and the phase accumulator con- 
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tents are shown for two frequency settings, 
namely fora broken fraction of 0,2 and 0.6, 


For the additions marked with a star, an 
overflow takes place, which triggers a 
switch to the divider ratio N + | for one 
reference cycle by means of the ‘pulse 
claw circuit’’. In the left-hand example, the 
system is switched to N + | for one cycle 
in five, which corresponds to an average 
divider factor of N + 0.2. In the right-hand 
example, the switching takes place in three 
cycles in five, which corresponds to a 
division of N + 0.6. In the left-hand 
example, the sawtooth pattern characteris- 
tic of the phase accumulator contents and 
thus the correction signal can be recog- 
nised. In the right-hand case, the pattern of 
the correction signal is less easily appreci- 
able. 

As can be seen, the additional clectronics 
for a fractional-N synthesiser can be 
created using standard circuits, but the 
expenditure on digital technology is con- 
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siderable. The digital operational units are 
therefore combined into industrial circuits 
to form application specific integrated 
circuits (ASICs). Examples of this can be 
found, for example, in (4) and (5), Perhaps 
one or two of our readers can look at these 
equipment handbooks in the QRL. Since 
the ASIC path is not open to the normal 
amateur, little attention has been paid to 
this circuit technology up to now. 


The author tried a way of creating digital 
logic using the lithe man’s ASIC, a 
single-chip micro-controller. The main 
problem here was that the fractional-N 
synthesis was not good cnough. Since 
many switching processes are taking place 
so slowly that they are within the control 
band width of the PLL, extreme demands 
have to be made on the de-coupling of the 
individual sub-assemblies, and the cost of 
this is an order of magnitude higher than 
for a ‘normal synthesiser’’. A detailed 
description of the synthesiser circuit devel- 
oped by the author will follow in Part 3 of 
this article. 


3.10. Direct Digital Synthesis (DDS) 


Synthesisers using the circuit technologies 
described so far can generate high-quality 
signals of almost any frequency. But there 
are applications which require signals in 
the upper kilohertz range and can live with 
compromises as to quality, and therefore 
need a more favourably priced synthesiser. 
Conventional technology is not very ap- 
propriate for an integrated and thus cheap 
solution. It is worth striving for a synthesis 
process, which can largely be put into 
practise using digital circuits and requires 
a digital/analogue converter only as a final 
stage. In an extreme case, such a synthe- 
siser can be created as an integrated circuit, 


+ 


A modulation fraction allowing, for exam- 
ple, digital frequency modulation, phase 
modulation or amplitude modulation can 
be integrated into a DDS circuit without 
significant additional expense, Even multi- 
phase signals, ¢.g. frequency-adjustable 
three-phase current in the drive engincer- 
ing, or 90-degree signals to generate an 
SSB using the phase method, can be easily 
generated without tuning. 


The basis of direct digital synthesis is the 
so-called Shannon's theorem, which is of 
sweeping significance in digital signal 
processing, 

If applied to digital frequency synthesis, 
Shannon's theorem says the following. For 
the accurate generation of any signal with 
an extremely high spectral component at a 
frequency, f, at least 2f scanning readings 
per second are required, For the precise 
representation of a sine at | MHz, how- 
ever, it is not necessary actually to 
generate a sine. It is sufficient to produce a 
sequence of ‘‘scanning readings’’ at a 
minimum of 2 MHz in order to give a full 
description of the sine. The conversion of 
the scanning readings into the signal is 
taken care of by a steep-flanked low pass 
filter. 


The sinus amplitudes can also be calcu- 
lated at a finite number of sequential points 
in time, converted into analogue voltages 
through a D/A converter, and finally 
filtered through a low pass to generate a 
perfect sine, The only restriction is that at 
least two readings have to be calculated 
per period, 

Since many readers will not be familiar 
with digital signal processing, the mode of 
operation of a direct digital synthesiser 
should be clarified using the following 
analogue example as per Fig. 14. 
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The first operational unit is a digital 
sawtooth gencrator which generates a 
sawtooth voltage, more precisely a step 
function, The sawtooth is interpreted as an 
angle specification of 0,..360 degrees and 
drives a sine-wave converter which trans- 
mits the sine-wave corresponding to the 
angle. A low-pass filter removes unwanted 
components from the signal. The mode of 
operation is thus immediately clear, Each 
time the sawtooth or phase angle moves 
from 0 to 360 degrees, the sine-wave 
converter supplies a complete sine oscilla- 
tion, The steeper the sawtooth becomes, 
the more sine oscillations are generated per 
time unit and the higher the output 
frequency of the synthesiser. 

Since all circuit sections are digitally 
created, the question of the appropriate 
word length has to be clarified, both in the 
sawtooth generator and in the sine-wave 
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converter. The longer the word length is, 
the more finely can the amplitude and 
phase be resolved, but the expenditure 
increases immediately. A common com- 
promise is a phase resolution of 32 bits and 
a resolution of the sine-wave converter 
with 8 to 12 bits, 


We have already come to know the digital 
sawtooth generator as a combination of 
phase accumulator, adder and frequency 
register in the fractional-N synthesiser, If 
we expand the frequency register some- 
what, we then have the possibility of a 
digital FM, as shown in Fig. 15. Instead of 
the frequency register, two registers are 
used, the contents of which reach the 
adding device of the phase accumulator 
through an adder. For example, the main 
tuning frequency of a transceiver can be 
estublished in the first register, with the file 
for RIT in register 2, or else register 2 is 
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“‘fed"’ with digitised speech and thus 
receives a digital frequency modulation, 
The phase accumulator and the frequency 
register usually have a word length of 32 
bits. The mode of operation of the circuit is 
the same as above. If the phase accumula- 
tor is topped up with an increment estab- 
lished by the frequency register, the digital 
sawtooth is generated, but here the over- 
flow of the phase accumulator is not used 
for anything clse. The upper 8 to 12 bits of 
the phase accumulator usually control the 
sine-wave converter directly, and an adder 
can also be introduced between the two, 
which is connected to a ‘phase register’’. 
An additive phase displacement can thus 
be generated which can be used for digital 
phase modulation, The sine-wave con- 
verter receives the phase information and 
converts it into digital sine amplitudes. 
This is most simply done using a sinc 
table, which is housed in a ROM, The 
memory requirement can be reduced by a 
factor of 4 by using the symmetry of a sine 
function, in that only the first quadrant is 
stored and all the other values are gener- 
ated through appropriate manipulation of 
the plus or minus signs. The digital sine 
values control a D/A converter which 
generates the output signal. Should an 
amplitude modulation be required, a digital 
multiplier can be introduced between the 
sine ROM and the converter which is 
controlled by an amplitude register. Fi- 
nally, a low-pass filter smoothes out the 
sine function generated and removes un- 
wanted spectral fractions, 


The functions of a DSS synthesiser can 
even be carried out by means of a pure 
software solution using a micro-processor. 
Some time ago, the author succeeded in 
controlling a frequency converter using 
DDS software on an 87CS51 single-chip 
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micro-controller. Three sine signals were 
generated, cach with a phase displacement 
of 120 degrees, from 0 to 600 Hz, using a 
16-bit phase accumulator at a clock fre- 
quency of app. 13 kHz. The frequency 
resolution was 0.2 Hz. Some experiments 
in the low-frequency range are thus prom- 
ising. 

Anyone interested in learning more about 
the innermost workings of DDS circuits 
should refer to a document from a privatc 
company (6). Perhaps there is even some- 
one reading this who has already experi- 
mented with DDS circuits and can report 
on his or her experiences. 


3.11. Multi-loop synthesiser 


To obtain fine frequency resolutions with- 
out the disadvantage of low phase monitor- 
ing, there is another way, apart from the 
DDS process just mentioned, which makes 
use of cascaded synthesisers with a moder- 
ate step width (10 kHz cach), but is not so 
expensive as a frequency decade, The 
two-loop resolution is the way shown fora 
standard radio synthesiscr with a fre- 
quency resolution of 100 Hz, Even smaller 
frequency steps can be generated using u 
third loop. But the simpler solution uses a 
stretched crystal oscillator for fractional 
detuning. 


A suitable two-loop synthesiser for a 
short-wave receiver of 0...30 MHz and a 
first intermediate frequency of 45 MHz 
might look like Fig. 16, A VCO from 45 to 
75 MHz (VCO 1) generates the oscillator 
signal of the receiver. The VCO is mixed 
down with a frequency of 40.5 MHz 
(initially taken as fixed) to a frequency of 
4.5 to 34.5 MHz. A setting divider (N = 
450...3450) divides the signal to 10 kHz 
and a phase discriminator (PD 1) compares 


“~ 

+o 

it with the correspondingly divided signal 
of a 10 MHz mother crystal. The phase 
discriminator PD1 follows VCO | up, So 
far, the circuit corresponds to a normal 
synthesiser with a mixed-down VCO sig- 
nal and a step width of 10 kHz. A 40.5 
MHz mixing frequency is now also synthe- 
sised for interpolation. The second PLL 
circuit is used to do this with VCO 2, the 
second setting divider (M = 5000...5100) 
and the phase discriminator, PD2. This 


circuit section generates a frequency of 


from 50 to 51 MHz, also with a step width 
of 10 kHz, If this frequency is divided by 
means of a fixed divider (; 100), it can then 
be mixed with the signal from the fourfold 
mother crystal (40 MHz) and the hum 
frequency of 40.5 to 40.51 MHz can be 
filtered out, This signal forms the mixing 
frequency of the first loop. It can be seen 
that, in spite of the high phase monitoring 
frequency of 10 kHz, this circuit has a 
tuning resolution of 100 Hz, Should this 
still not be enough, a further mixer can be 
introduced into the second loop, which is 
again controlled by the total signal from 
the mother crystal and by a divided down 
third loop. This makes it possible to attain 
step widths of | Hz. 


The risk that harmonics will form due to 
unwanted mixture products grows with the 
number of loops, so that careful screening 
and de-coupling are required to generate a 
low-harmonic signal, So we would not use 
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more than two or three cascaded loops, An 
up-to-date approach to generating ex- 
tremely fine resolutions, for example, is to 
replace the fine loop at 500 to 510 KHz by a 
DDS synthesiser, which can be manufac- 
tured at this kind of low frequencies as a 
customer-specific CMOS circuit. 
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§,2.3. Commissioning 


When the operating voltage (+ 15 V) is 
connected, the current consumption is 16 
mA, The external S-meter, together with 
the PIN diode controller in the intermedi- 
ate-frequency amplifier, is connected later. 
Both outputs of the sub-assembly (U- 
Control and S-meter) are initially set so 
that + 12 V is available at the correspond- 
ing connection, The 10 kKOhm trimmers 
are provided at the OP's for this purpose. 
The control voltage for the PIN diodes is 
tuned again afterwards, say in the ready- 
made transceiver, to the control applica- 
tion desired. 


The longitudinal resistance is to be calcu- 
lated for the S-meter (RS-meter). The 
entire reception branch must be taken into 
consideration for this purpose. In the 
specimen layout, this consists of: 

— External pre-amplifier 

— Reception mixer 

— Intermediate-frequency amplifier 

— Field strength indicator. 


With the configuration given above, an $9 
signal fed in appears on the aerial (-73 
dBm at 50Q ), with - 29 dBm at the 


AGC/ALC output of the intermediate- 
frequency amplifier, At the output of the 
NE614 (pin 5), the voltage is app. 3.5 V, 
depending on the characteristic, This cor- 
responds to a value of + 8 V at the S-meter 
output, For the S-meter used (SOWA, 3kQ), 
the value thus calculated for the compen- 
sating resistance, RS-meter, is 120kQ 
Theoretical considerations had to be con- 
firmed in the fully assembled transceiver, 
Only now was it possible to carry out fine 
tuning using the 10kQ trim potentiometer 
at the O/P. 


6. 
THE MODULATOR/DE- 
MODULATOR UNIT 


The modulator/de-modulator unit consists 
of: 

SSB modulator 

SSB de-modulator 

USB/LSB side-band oscillator 
Microphone amplifier 
Low-frequency amplifier 


ee ee 
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Fig.34: Circuit Diagram of the 
DJSESOLS SSB/CW Exciter 


6.1. The SSB Exciter 


The side-band oscillator has a dual-gate 
MOSFET (BF 981). The crystal frequency 
can be tapped through the 40pF trimmer, 
There is room on the printed circuit board 
for a second side-band oscillator. Both 
operate on the same drain oscillation 
circuit. Switching between USB and LSB 
is done by means of the G2 voltage 
associated with the oscillator in question, 
A capacitively coupled hybrid divides the 
oscillator power up between the modulator 
and the de-modulator, 

The amplified microphone signal is fed to 
the modulator, a ring mixer with 
4 x IN4148, through an LC low pass 
(fg = 4 kHz). A trim potentiometer (250Q) 
is used for circuit balancing, 
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From the output of the SSB de-modulator, 
the low-frequency signal goes through a 
two-pole low pass to reach the low- 
frequency pre-amplifier. This two-stage 
amplifier is fitted with an operational 
amplifier (TLOX2) (Fig. 34). 


6.1.1. Assembly instructions and 


commissioning 


The dimensions of the SSB exciter printed 
circuit board are 72 mm x 72 mm, suitable 
fora standard tinplate housing. 


The two side-band oscillators have a 
mirror image structure, The drain circuit is 
common to both, This filter, originally laid 
out for 10.7 MHz, is brought into reso- 
nance with 9 MHz through the 22pF 
capacitor, which is connected in parallel. 
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Fig.35a: SSB Exciter; only a few Fig.35b: DJSES015 SSB Exciter from 
components on the earth plane the foil side 
6.1.2. Parts list 1 x 250Q potentiometer (10/5 mm) 
2 x BF981 (Valvo) 2x 40pF trimmer (10 mm, red) 
| x TLO82, 8-pin DIL housing Capacitors and resistors SMD format 
8 x IN4148, SMD format (Minimelf) 
| x | mH choke, SMD format 6.1.3. Commissioning 


2 x Neosid 0.58 WH filter, BV5036(or/bl) = After the connection of the operational 
‘ roltaces 9) 
| x Toko 10,7 MHz filter, green (10 mm) voltages of + 12 V and + 9 V for the 


Fig.36a, b: Specimen of the SSB Exciter, assembly and foil side 
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side-band oscillators, the oscillator has to 
be activated for cither USB or LSB. This is 
done through the selective connection of 
the G2 voltage. 


The precise frequency is set by means of 
the individual 90pF trimmer. Then tune the 
filter in the drain circuit to the maximum 
signal (lO mW). 


The potentiometer for circuit balancing the 
SSB modulator is in the central position. 
Fine tuning at the minimum oscillator level 
at the mixer output (TX-out) terminates the 
tuning required. 48dB carrier suppression 
should be obtained, 


The SSB exciter element is now ready for 
operation, 
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Fig.37: 
The Michrophone 
Amplifier 


6.2, The microphone amplifier 


The microphone amplifier has a two-stage 
format (Fig. 37) and is fitted with an 
OP TLO82. The input is laid out as a low 
pass. A normal dynamic microphone is 
used, with an impedance of 600 The 
output voltage required for the SSB modu- 
lator (app. 1 Vss) is set by means of the 10 
kQ potentiometer. 


6.2.1. Assembly instructions and 
commissioning 


The amplifier takes the form of a double- 
sided copper-coated epoxy printed circuit 
board with the dimensions 34 x 34 mm. 
The element is placed directly onto a 4-pin 
microphone socket, 


Fig.38: 
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DJ8ES016 Components side and a completed unit prior to housing 
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In contrast to what is otherwise the 
standard procedure, the printed circuit 
board is not put into the tinplate housing 
until after assembly (Fig. 38). So the 
microphone socket has to be precisely 
fitted into the housing cover. Only the OP 
(TLOS1) is in the 8-pin DIL housing. All 
the other components are SMD formats. 
Teflon bushings are used for the connec- 
trons. 


6.3. The Low-frequency amplifier 
The heart of the low-frequency amplifier is 
the MC 34119 integrated circuit. This IC is 
available as an SMD format in an SO-8 
housing. The component supplies an out- 
put power of 200mW into 82. The 
minimal external wiring here produces a 
simpler, but more efficient, low-frequency 
amplifier (Fig. 40), 


6.3.1. Assembly instructions 


Like the microphone amplifier before it, 


the printed circuit board for the low- | 
efie | Ue 


frequency amplifier has the dimensions 


=) 
34mm x 34mm, 4u? 
As Fig. 41 shows, the component is Oulgy 
directly soldered onto the connections of § jtuF 


the noise level controller, Alternatively, of 

course, a housing can be provided, The 

necessary number of bushings then have to 

be provided for the connections (loud-  Fig.41; Example and layout of the 
speaker, low-frequency input, power Low-frequency Amplifier 

supply). 
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7. 
INTER-CONNECTING 
COMPONENTS 


Once the individual printed circuit boards 
have been assembled and pre-tuned, as 
described in the section in question, all the 
functional units can be inter-connected. 
The incorporation into an equipment hous- 
ing will not be considered here. This is 
very much dependent on the wishes and 
ideas of the individual constructor. The 
electrical interaction of the components is 
more important. 


Various supply voltages are required in the 
transceiver: 
— + 15V AGC/ALC component 
— + 12V SSB exciter, microphone 
amplifier, low-frequency amplifier, 
reception mixer, transmission 
mixer, oscillator, VFO amplifier, 
VFO mixer, S-meter 
— +9 V SSB Exciter 
— +5 V Frequency display 


Not only the various voltages but also 
operational considerations play a part in 
the circuit drafting for the mains section. 
Thus, for example, the VFO, the Audio 


o 


a Fig.44; 
yr oF Interconnection of the 
IF Amplifier and the 
¢ Hy AGC/ALC unit 
. S.Meter 


amplifier and the mixer cach need to have 
a separate voltage stabiliser provided. This 
prevents the oscillator from being affected 
by feedback from other operational assem- 
blies (Fig. 42). 


The intermediate-frequency amplifier is 
used not only for reception but also in the 
case of transmission. Suitable reversing 
facilities are provided for here. This 
component is wired to be controlled by the 
PTT contact. The same is also true for the 
oscillator (41 to 42 MHz) and the supply 
voltages for the transmission-reception 
branch (Fig. 43). 


The intermediate-frequency amplifier and 
the AGC/ALC components are in direct 
relation to one another (Fig. 44), 


The intermediate-frequency signal at 
9 MHz its de-coupled through the 20dB 
coupler, terminated at 50Q The input of 
the AGC/ALC component is assembled 
with the NE614 field strength indicator, 
The input impedance is 1 kQ The feedback 
circuit is terminated through the U-Control 
output. 

The S-meter can now be calibrated in 
receive. A wired-up pre-amplifier or a 
transverter should also be considered here. 
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The precise setting point of the control for 
the intermediate-frequency amplifier is 
similarly determined next. 

Only a small amount of the de-coupled 
SSB signal is fed to the NE614 in 
transmission mode. The potentiometer 
should be set in such a way that approxi- 
mately 1OOWW is present at the output of 
the intermediate-frequency amplifier, 


8. 
SUMMARY 


As can be seen, standard components used 
in 50Q engineering can be used to produce 
even circuits as lavish as the transceiver 
presented here, Special attention was paid 
to good technical data and reliable operat- 
ing characteristics. Moreover, only com- 
ponents which form part of the stock of 
any reasonably well-equipped DIY spe- 
cialist are used, 


As was said right at the start, this article is 
not intended to give a detailed description 
of the construction of a 50 MHz trans- 
ceiver. The idea is rather to provide some 
ideas and show the possibilities for putting 
such a concept into practice. 
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Long-Delayed Radio Echoes, 
Observations and Interpretations 


The final propagation speed of electro- 
magnetic waves generates a time delay 
between the transmission and the recep- 
tion of a radio or light signal, In 
terrestrial radio traffic, this time delay 
can be ignored for most practical appli- 
cations, Only with particularly long 
propagation paths does the effect be- 
come perceptible. In the short-wave 
range, radio waves can go all the way 
round the world, under special condi- 
tions, which leads to a time delay of 
about 138 ms. (round-the-worldechoes). 
Even more impressive are the echoes 
reflected from the Moon, where the 
propagation path corresponds to twice 
the distance between the Earth and the 
Moon (time delay of about 2.5 s.). The 
phenomenon described below can be 
explained by neither of these processes. 
LDE’s (long delayed echoes) can involve 
a time difference measured in tens of 
seconds between transmission and re- 
ception. 


i; 
First Observations 


The first systematic observations were 
reported by Hals, Stoermer and van der Pol 
(1).A previous accidental observation had 
been logged by Hals, who had received 
long delayed echoes from transmitter PCJJ 
in Hilversum in the vicinity of Oslo in 
1927 (time delay app. 3 seconds), How- 
ever, experiments carricd out over many 
months on 9.5 MHz were initially fruitless. 
In October, 1928, long delayed echoes 
could finally be demonstrated to exist 
without any doubt, with delay times of 
between 3 and 30 seconds. Further obser- 
vations were also reported in subsequent 
months by other experimenters, (8) con- 
tains a comprehensive historical retrospec- 
tive, in which a further LDE observation 
from Hals is mentioned, with time delays 
of 260 s. and 195 s. However, after 1935 
interest in this unusual phenomenon ap- 
peared to diminish. 
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2. 
Scientific Observations 


In the years 1947 - 1949, renewed experi- 
ments took place involving observations of 
long delayed echoes. The research was 
carried out in Cambridge by Budden and 
Yates (2). They transmitted at 13.4 MHz 
with a power of 30kW and at 20.6 MHz 
with a power of IkW. The aerial used was 
a half-wave dipole, the structural height of 
which was intended to make vertical 
radiation possible. 

Unhindered by the ionosphere, the radio 
waves were to travel on into space, for 
there were ‘‘well-founded indications" 
that “‘ionised clouds’’ were being emitted 
from the Sun towards the Earth, which 
were taken into consideration by the 
authors as possible reflectors for radio 
waves (note: in 1951, Biermann drew the 
conclusion from observations of a comet's 
tail that a particle stream must exist, 
moving away from the Sun, which we now 
refer to as the solar wind.) Budden and 
Yates published their experimental results 
in 1952, 
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Altogether, about 27,000 test signals were 
transmitted. Round the world echoes were 
certainly frequently detected, but no long 
delayed echoes. (Note: the round the world 
echoes indicate that the aerial radiation 
system selected could not suppress the 
ionospheric wave propagation, as had been 
intended.) The authors conjectured that the 
transmitter frequencies selected, high in 
comparison with previous experiments, 
were as inappropriate as was the vertical 
radiation, They further conjectured that 
there was an ‘‘carthbound”’ origin for the 
long delayed echoes, for the rapid solar 
particles should have triggered a Doppler 
effect, which had, however, never been 
reported by previous experimenters, and 
had been, to some extent, explicitly denied 
(see, for example, (1)). 


Laboratory experiments on echo effects in 
plasmas aroused interest in long delayed 
echoes at Stanford University. The mecha- 
nisms discovered in the laboratory also 
appeared to be conceivable under the 
conditions of ionospheric plasma, but this 
conjecture had to be verified by more 
precise research. Nevertheless, experi- 
ments were carried out using a 20kW 


Year Call Sign Band Delay Time Mode Echo Signal 
1932 W6ADP 28 MHz I8s CW Own 
1950/51 WSLUU 7 MHz 5s CW Own 
1965 K6EV 14 MHz 3-45 SSB Own 
1967 W5VY 28 MHz 38 SSB Own 
1968 W5LFM 10 MHz 0.58 Time Marking — Station RID 
1968 W6KPC 28 MHz ls SSB Other 
1969 W60L 14 MHz 6-108 SSB Other 
1969 K6CAZ 2 MHz 2s SSB Other/Own 
Table: LDE reports, as per (3) 
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transmitter (5 to 25 MHz) and a log- 
periodic acrial, although the equipment 
was modified several times during the 
experiments, between 1967 and 1970 (4). 


The first long delayed echoes were regis- 
tered in October, 1968, but had to be 
rejected as internal interference signals. A 
pulse diagram was finally to improve the 
unambiguous identification of the actual 
signal transmitted, The authors mention 
the difficulty of automatic plotting and the 
particular capability of human hearing to 
recognise signals of this kind among 
background interference, In January and 
February, 1970, three long delayed echoes 
were received at 11.02 MHz and 10.62 
MHz, with time delays of 15 s. and about 
20 s.. By December, 1971, the number had 
risen to 31, according to (12). 


An automatic observation apparatus was 
described by Duffet-Smith of Cambridge 
in 1975 (6). Experiments using a 250W 
transmitter produced no results. The auto- 
matic recording system proved not very 
effective, due to short-wave interference. 
The author explains that all carlier research 
had confirmed human hearing as the most 
sensitive detector, On the basis of the 
negative results of his research, evalua- 
tions of the phenomenon of long delayed 
radio echoes tended to be cautious. 


A critical evaluation of previous research 
was published by scientists at Stanford 
University in 1985 (12), Some experiments 
were undertaken, using 4 vertically radiat- 
ing frame acrial, on the WWY time signal 
transmitter (5.865 MHz).However, the 
seven echoes registered (time delay be- 
tween 1.5 s. and 18,3 s.) could not finally 
be regarded as authentic. The earlier 
measurements from Stanford University 
(see above) were also put in doubt and 
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were linked with technical side effects. 
The observation data made available by 
Goodacre (VE2AEJ/3 - see below) were 
also treated with caution, Vidmar and 
Crawford demonstrated, on the basis of 
their own observations, that if stricter 
criteria were applied the supposed radio 
echoes generally proved questionable. But 
the comprehensive reports stretching back 
over the past fifty years ruled out any 
doubt as to the existence of long delayed 
echoes. 


KN 
Observations From Radio 
Amateurs 


Radio amateurs have contributed the most 
comprehensive observational material 
concerning long delayed echoes, There is 
no other field of radio wave propagation 
where radio amateurs’ observations have 
obtained a comparable degree of respect in 
the scientific literature. The LDE observa- 
tions listed in the table have been obtained 
fromthe QST. 

Goodacre (VE2AEJ/3) reported, in a sci- 
entific essay, on eight possible LDE 
effects, which he had been able to pick up 
between November, 1978 and January, 
1979 in the 28 MHz band(9). A_five- 
clement Yagi and a 400 W-powered 
transmitter were used in the experiments 
near Ottawa. Groups of three to nine pulses 
were transmitted at a rate of 130 - 150 Hz. 
The pulses were generated using a continu- 
ously switching relay, which was switched 
by means of a Morse key in serics. The 
radiation was being transmitted towards 
the Western horizon when ground-to- 
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ground communication in the 10 m. band 
began to fail, and 10 m. connections were 
already impossible on other compass bear- 
ings. The questionable band points were 
noted while tape recordings were being 
made, so that the only observation findings 
subjected to evaluation were those which 
had already been considered as suspected 
LDE’s while the experiments were going 
on (avoidance of false interpretations 
arising from the known ‘‘copying effect’’ 
of magnetic tapes). The tape recordings 
were finally studied using an oscilloscope. 
Hardly any attention had been paid to long 
delayed echoes in the German-speaking 
world up until then, But it may be assumed 
that some observations made had not been 
publicised because the unusual effect was 
interpreted as an attempt at deception, For 
example, Schwarzbeck (DLIBU) very 
probably reported long delayed echoes, in 
addition to the normal round the world 
echoes, as a ‘‘Morse dot delayed by 
several seconds’’ which remained present 
when the frequency was changed (10). 


During an RTTY contest in October, 1986, 
DJ4ZF and DL6QH received the last 40 to 
50 teleprinter characters (45.45 Bauds) of 
their own transmission (14). The fre- 
quency of the echo was app. 300 Hz lower 
than the transmission frequency, The 20 m, 
band displayed the typical effect of the 
**close’’ before the breakdown of trans- 
mission, with the echoes exhibiting a 
“*West Coast or Alaskan character'’. An 
output power of 750W was transmitted on 
a monoband ground plane. The authentic- 
ity of the echoes can not be guaranteed. 
The observers interpreted the phenomenon 
as an attempted deception by another radio 
amateur and did not hear of the LDE 
phenomenon till later. 
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4. 
Observations in the UHF Range 


The most spectacular amateur observa- 
tions report long delayed radio echoes in 
EME connections. Rasmussen (OZ9CR) 
reported ‘ghost echoes’’, in a scientific 
journal, which he had picked up at 
1,296 MHz (7). In a Moon echo experi- 
ment on 7. 7, ‘74 (8 m. dish aerial 
operating at SOOW), it proved possible to 
receive echoes which arrived about 
2 seconds after the genuine Moon echoes, 
These echoes remained noticeable, even 
when the aerial was not aligned precisely 
with the Moon and the usual Moon echoes 
were absent, The phenomenon lasted for 
20 minutes. 


Note: doubts were cast on the observation 
data reported by Rasmussen on the basis of 
the Moon position specified, and Rasmus- 
sen therefore corrected the data on 28. 5. 
*74 (see (8)). 


(8) refers to further LDE observations in 
connection with EME experiments. The 
Dubus Magazine also has a short report on 
long delayed radio echoes which were 
picked up by YULAW on 432 MHz (11). 
The additional echoes followed the Moon 
echoes with a time delay of about 2 s. and 
were slightly displaced in frequency. 


When the various LDE reports were 
scanned, a possible common factor in the 
data from the YU LAW observations in the 
70 cm. band and the 10 m, observations of 
DLIBU (see above) became clear. Unfor- 
tunately, the actual observation times 
could no longer be reconstructed, A survey 
of long delayed echoes published by the 
author (see (13)) unfortunately yielded no 
evaluable results. 
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5. 
Interpretations 


The attempts at interpretation which ac- 
companied the observations of previous 
decades can not be summarised here. We 
should, of course, point out that the boldest 
attempts at explanations assumed that an 
extra-territorial space probe was reflecting 
the terrestrial radio signals (see, for cxam- 
ple, (5) and (8)). 


Since the abortive scatter experiments on 
the solar wind, at the latest (sce above), 
there is final agreement that reflections 
from astronomical objects can not be held 
responsible for the radio echoes. In near- 
Earth space, there is only one object with a 
sufficient back scatter cross-section to 
cause radio echoes which are observable, 
even with low-powered transmitters, But 
radio amateurs know from their own Moon 
experiments that the echoes are relatively 
weak, with a delay time of (2.5 40.5) s.. 
The next possible object is Venus, which 
can approach as close as 0.27 astronomical 
units to the Earth (1 astronomical unit 
corresponds to the average distance be- 
tween the Sun and the Earth), For this 
special astronomic configuration, a time 
delay of app. 270 s. can be calculated for 
the journey there and back. 


Finally, the screen effect of the ionosphere 
on short clectro-magnetic waves must be 
considered. It is generally accepted today 
that long delayed radio echoes are an 
effect, the origin of which must be located 
in the terrestrial ionosphere or magneto- 
sphere. 

The observations reported in (10) verify 
that, in principle, short electro-magnetic 
waves can go several times round the 
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world. Seven times round the world yields 
a propagation path with a length of app. 
0.97 light seconds, which is 290,000 km.. 
The estimate made by Schwarzbeck for 
this cxample also points out that the round 
the world echoes may be subjected to path 
attenuation effects, which are significantly 
reduced as against free space propagation. 
However, “‘normal’’ round the world 
effects do not seem able to explain the 
radio echoes under consideration here. At 
Icast, there are no indications that the delay 
times observable for LDE’s are multiples 
of 138 ms.. Nor do the LDE reports 
mention any multiple echoes analogous to 
Schwarzbeck’s observations. The delay 
time of 8 s. which is typical for the LDE’s 
would mean they had to go round the 
world another 58 times, For a time delay of 
40 s., it would appear necessary to go 
round the world 289 times, 


However, the radio echoes picked up must 
be accepted as experimental facts. If we 
assume the delay times observed to be 
identical to the *‘lifetime’’ of the transmis- 
sion signal radiated, and the signal propa- 
gation speed to be 300,000 km_/s., then we 
necessarily obtain long propagation paths, 
irrespective of the geometry of the propa- 
gation route (curved propagation path 
around the world, straight back and forth 
lines in space, etc.). The resultant difficul- 
ties of interpretation can be eliminated if 
we dispense with one or both of these 
assumptions, 


In a gas, variations in pressure or density 
can take the form of wave or oscillation 
conditions (sce, for example, sound waves 
in air), The ionosphere represents a special 
mixture of gases, for something like a 
thousandth of the gas particles are ionised, 
ic, are present as positively charged ions 
and negatively charged electrons. The 
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motion of the charged particle, incorpo- 
rated in the neutral gas, is thus subjected to 
the effect of additional electrical and 
magnetic forces. In the partial gas formed 
from ions and electrons, special wave 
phenomena can arise (‘‘plasma waves"’). 
Taking ionospheric plasma waves into 
consideration appears to be an important 
step forward in the physical explanation of 
long delayed radio echoes. For example, 
there can be an interaction between the 
materially connected plasma waves and 
clectro-magnetic waves, under suitable 
conditions, 

A mechanism is proposed in (4), in the 
context of a qualitative model, in which 
part of the clectro-magnetic energy is 
bound in a longitudinal plasma wave. In 
this context, “‘longitudinal’’ refers to 
propagation along a field line of the 
Earth’s magnetic field. Here, energy-rich 
electrons, which move around this field 
line in a spiral, reinforce a plasma wave of 
this type. The propagation speed of the 
plasma waves is usually several orders of 
magnitude below the speed of light. There 
are thus relatively long propagation times 
even for comparatively short propagation 
paths of a few hundred kilometres, 


The radio signal is thus, in a way, 
intermediately stored in a plasma wave 
until a process analogous to the initial 
condition creates a new clectro-magnetic 
wave, which can then be observed by the 
receiver station. 

Of course, the authors refer to the circum- 
stance that long delayed radio echoes at 
high short-wave frequencies can not be 
satisfactorily explained by this model. This 
is especially truc of amateur observations 
in the 10 m, band, To wit, with the 
mechanism described we must assume 
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from the start that the reciprocal effects 
take place at the height at which the 
frequency of the radio wave exactly 
corresponds to the local plasma frequency. 
This frequency is generally considerably 
lower than 28 MHz. But the attractiveness 
of this model lies in the identification of a 
*‘natural’’ time-lag device. A group veloc- 
ity of | km./s. for the plasma waves and a 
reciprocal effect region of app. 10 km. 
diameter (4) give delay times of 10 
seconds, 

The theory is skilfully advanced further in 
(8) and is used to explain the observations 
of OZICR at 1,296 MHz. Two radio 
transmitters, at frequencies fl and 2, are 
scanning the same region in the iono- 
sphere, unbeknown to one another, The 
two clectro-magnetic waves cause a non- 
lincar reciprocal effect and generate a 
plasma wave atthe differential frequency 
tf, ic. (2 - fl, which should simultane- 
ously correspond to the local plasma 
frequency, If fl = 1,296 MHz and f2 = 
1,303 MHz, for example, the frequency 
obtained is 7 MHz. After a certain propa- 
gation time, the plasma wave again inter- 
acts with the electro-magnetic wave, f2, 
and generates an clectro-magnetic wave 
with a frequency of fl = f2 - 5f, which 
appears to the puzzled observer to be an 
echo of his or her own transmission, 


6. 
CONTRIBUTIONS FROM 
RADIO AMATEURS 


With long delayed echoes, we are clearly 
dealing with an unpredictable and com- 
paratively rare phenomenon. The results of 
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scientific observations indicate that LDE's 
are not very often traced by deliberate 
observation. The opportunities for amateur 
radio enthusiasts to make observations are 
far less subject to geographical restric- 
tions, or those dependent on local time, In 
particular, short wave amateurs form a 
world-wide network of observers always 
ready for action. The favourable *‘observa- 
tion statistics’’ for amateur radio enthusi- 
asts have conceivably been a decisive 
factor in the numerous LDE observations 
in which they have been involved, 


The author also endorses the opinion 
expressed by Budden and Yates, that 
radiation directed towards the horizon 
yields better observation results than verti- 
cal radiation. True, according to (4) radia- 
tion along the local line of the Earth's 
magnetic field could be more advanta- 
geous, The horizontal radiation might 
possibly increase the probability of obser- 
vation, since a larger segment of the 
ionosphere can be scanned by the aerial, by 
comparison with vertical sounding. The 
typical radiation characteristic of amateur 
acrials could thus turn out to be advanta- 
gcous, 


The previous reports confirm that long 
delayed radio echoes attract attention 
mainly in non-automated radio traffic, 
which is connected with the particular 
capability of human hearing to recognise 
the acoustic pattern, This state of affairs 
also corresponds, to a large extent, with the 
typical conditions for amateur radio traffic. 


The experimental conditions for amateur 
radio enthusiasts thus seem particularly 
suitable for LDE observations. Radio 
operators professionally active in the 
short-wave range also come into consid- 
eration as competent observers to the same 


ca 
extent (c.g. marine radio, here especially 
wireless telegraphy operators). However, 
there are no corresponding observation 
reports. It must thus be assumed that some 
observations are interpreted as attempts at 
deception and thus do not receive general 
attention. Conceivably, numerous amateur 
observations are also not taken into ac- 
count for the same reason, 


It has already been mentioned that the 
reliable identification of a ‘‘natural’* LDE 
presents a difficult task, even if the 
observer takes great care, Apart from 
unwanted technical effects, in particular, 
attempts at deception can in no case be 
ruled out, and it is to be feared that less 
scrious radio amateurs contribute to delib- 
crate falsification, in view of the fact that 
the LDE phenomenon is better known in 
such circles. The continuous self-sabotage 
should be recalled here which amateur 
radio circles inflict on themselves in 
rescarch into VHF radio wave propagation 
(e.g. by interference in the 2-m, beacon 
band). Moreover, it can not be ruled out 
that the exposure of genuine attempts at 
deception also puts the credibility of 
subsequent amateur observations in doubt. 
In that event, scientific institutions could 
be forced to leave amateur reports out of 
consideration in future, on grounds of 
principle. An apparently harmless joke 
involving a fake LDE can thus do serious 
damage to the image of amateur radio. 


Above all, observers should describe the 
measures which they have taken in at- 
tempting to exclude cheating. Short trans- 
missions using changing frequencies are a 
relatively simple procedure for excluding 
potential trouble-makers. Unfortunately, 
this procedure can be used in practise only 
when you are re-receiving your own 
transmissions, If long delayed echoes are 
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received from other transmitters, enquiries 
should be made as to whether other 
transmitters on other frequencies are also 
displaying LDE phenomena. Reports sub- 
mitted on deliberate or accidental LDE 
observations should contain the following 
additional data: 
— Date, start time and end time of 
observation 
— Location of observation station 
— Observation frequency 
— Echo characteristics (re-receiving 
of own transmission or observation 
of another transmitter, duration of 
echo, time delay, field strength) 
— Transmission power and radiation 
characteristic, direction of aerial. 
Please send appropriate observation re- 
ports to the author (address: 68, Hausfeld, 
5600 Wuppertal 23). Plottable data will be 
passed on to the Max Planck Institute for 
Acronomy, Lindau/Harz. 


Acknowledgement; The author is grateful 
to Dr. K.Schicgel, of the Max Planck 
Institute for Acronomy, for useful informa- 
tion and ideas. 
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Erich Zimmermann, HB 9 MIN 


A Simple dB-Linear S-Meter 
for Microwave Applications 


The runaway development of integrated 
circuits for the mobile radio sector also 
means more and more new and uscful 
modules are being showered on radio 
amateurs. Thus, for instance, integrated 
intermediate frequency circuits for cellular 
applications have characteristics which 
makc it possible to display reception levels 
on a dB-linear scale, 


! 
Receiver | S-Meter 


¢.g:1C202 


foo lF 
OG-MOS FET 
BF 98) BFID0 og 


1. 
SUMMARY 


Available for selection are the MC 3356P 
from Motorola and the NE 604 AN and NE 
605 AN from Signetics-Philips. The wiring 
required by the Motorola module is ex- 
tremely simple and problem-free. 


HB 9 MIN 
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-100 -90 ~-80 -70 -60 ~-50 

U-input 7 
The wide dynamic range provides for 
70dB at 10.7 MHz, and still gives 58dB at 
21.4 MHz, with an error of +1 dB. 


The two integrated circuits from Signetics- 
Philips, NE 604 AN and NE 605 AN, are 
even designed for 85dB dynamics with an 
error of +2 dB. Unfortunately, the wiring 
required is more expensive, since an 
additional intermediate-frequency filter is 
needed, 


2 


The circuit shown here with the MC 3356P 
operates in the broad band, from approxi- 
mately 5 MHz to 22 MHz. Only the input 
circuit of the pre-amplifier has to be in 
resonance with the intermediate frequency. 


The intermediate-frequency signal is trans- 
mitted from the crystal filter of the adjuster 
to the MOS-FET pre-amplifier (Fig.1). 
The latter has to amplify the signal and 
simultaneously minimise the load of the 
crystal filter. The drain oscillation circuit is 
tuned to the intermediate frequency in use. 
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100pA Fig.2: 
90 Readings Ideal line 
MC 3356 
MC 3356 
: ZF 10,7 MHz 
| a -2.50B | 
ariation @ 
2.5dB 
, 30 ‘ 
ty 
ts HB 9 MIN 
“10 
0 


-40 Pin dBm 


The signal is passed on to pin-7 of the 
MC 3356P. For correct operation, the input 
voltage range lies between 30LV (-77dBm) 
and 80mV (-1dBm), measured at pin-20. 
From pin-14, the output signal goes 
through a voltage divider and a pre- 
resistance and arrives at the indicator, With 
the given circuit, a range of 50dB can be 
displayed linearly on an indicator with a 
full-scale reading of 1O0HA. The gradient 
is thus 2.A/dB (Fig.2). 


3. 
PRE-TUNING 


1, An intermediate-frequency signal is fed 
in to pin-7 at -70dBm. The indicator is set 
precisely to QUA using potentiometer P2, 


2. Raise the signal level to -20dBm and 
tune the indicator deflection to LOOWA 
(full-scale reading). The linearity is con- 
trolled by reducing the signal in 10dB 
stages. 


Should it not be possible to calibrate, P1 
can be replaced by an 8.2kQ resistor. 
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4. 
INSTRUCTIONS FOR 
ASSEMBLY 


@ The completed circuit should be pre- 
tuned and tested for correct operation 
before assembly, together with the 
indicator, using a standard signal 
generator and a reducer (correspond- 
ing to 3). 


® The signal for the S-meter is drawn 
off after the SSB crystal filter. To 
keep the additional capacity load low, 
a UHF-FET with a small CglS 
should be used. 


® The MOS-FET amplifier should be 
mounted in close proximity to the 
crystal filter. Using the SMD tech- 
nique for assembly is advantageous. 
The remaining part of the circuit is 
placed in a free corner of the equip- 
ment and connected by means of thin 
coaxial cable. 


® No AGC stages should be present be- 
tween the RX input and the S-meter. 
Should there be an AGC, disconnect 
it and replace it by fixed voltages. 


® The display range of the S-meter in- 
corporated into the RX is dependent 
on the amplification of the equipment 
between the aerial socket and the 
crystal filter output. 


Examples of MOS-FET stages: 


AGC prior to G1; now connect G1 at 0 V 
be, 


AGC prior to G2; now connect G2 (DC), at 
about 4 V higher than the voltage con- 
nected to the source (measured against the 
earth), 


o 
5. 
FINAL TUNING 


@ The built-in S-meter is now adjusted 
to the equipment. The output circuit 
of the S-meter pre-amplifier is tuned 
to the maximum reading by means of 
a test signal at the receiver input. 


® Now increase the input signal in 10 
dB stages until the indicator registers 
100 micro-A as precisely as possible. 
Set the pointer to full-scale reading 
(100 micro-A) using P2. The linearity 
is checked by reducing the input 
signal. Finally the equipment is 
marked with an appropriate scale. 

® Example: a signal of -80dBm gives, 
¢.g., 96UA. So this is corrected to 
1O0HA using P2, Thus we can obtain: 
1O0pA = -80dBm, 80HA = -90dBm, 
60HA = -100dBm. 


6. LITERATURE 


(1) Specification sheet MC 3356 from 
Motorola 


(2) Specification sheet NE 604 / NE 605 
from Signetics / Philips 
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Eugen Berberich, DL 8 ZX 


Output Wiring of 
GaAsFET Amplifiers 


The wiring of GaAsFET pre-stages in 
the output circuit is still giving grounds 
for discussion. 


1, 
POSSIBLE SOLUTION 
METHODS 


The solution using the 4:1 transformer (1) 
requires skill in the construction of the 
repeater and is always linked with un- 
wanted resonances at higher frequencies. 
The RX input impedance acting as termi- 
nator is also strongly dependent on fre- 
quency. So it is not surprising if instability 
effects occur with the relatively large gate 
drain. 


Other authors (2) provide the drain by 
means of a high resistance from a high 
voltage (12 V), with the residual voltage 
decaying. The author has also found this 
solution to be effective. The HF de- 
coupling is usually provided through a 
coupling capacitor or a coil for matching, 
or a 4:1 transformer (3), which in this case 
is dampened by a resistance and the Ri of 
the amplifier. Such a pre-amplifier often 
tends to oscillate at a frequency higher than 
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the operating frequency, because the reac- 
tive components have a stronger effect at 
higher frequencies. 

In the drain wirings described above, the 
transistor in the first place ‘‘sees’’ an 
inductance, which represents a frequency- 
dependent operating resistance. It is thus 
already pre-determined that at higher fre- 
quencies the amplification is also greater, 
and so the influence of the Cg-d increases, 
The 4:1 repeater connected also works less 
and less effectively as the frequency rises, 
since the leakage inductance becomes 
noticeable. The connected RX input repre- 
sents a frequency-dependent load, which 
scarcely imposes any burden on the 4:1 
repeater outside the desired frequency 
range. The transistor output ‘‘sees"’ no real 
load in a wide frequency range. Figs. la to 
Id show the usual drain wirings, 


2. 
PI TRANSFORMATION 


My proposed circuit uses a pi circuit 
(low-pass) as a transformer, going from 
app. 250 to 50Q at the output. Starting 
from the internal resistance of the transis- 
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Fig.la tod: Standard Drain wirings 


tor output (app. 500Q) and the parallel 
circuit of the mains resistance (also app. 
500Q), we obtain a source resistance of 
approximately 2502 


As is often demonstrated at the acrial 
output in transmission amplifiers, various 
impedance values can be matched using a 
pi filter network. The advantages of this 
circuit are, firstly, the correct matching, 
but also, and of particular advantage, that 
the drain connection is capacity-loaded for 
frequencies other than the operating fre- 
quency. 


This means a high-frequency short-circuit 
for high frequencies outside the desired 
range. The capacitor, C1, on the drain must 
therefore be selected to have low induction 
(SMD type) and must be mounted directly 
on the drain. The components can now be 
calculated using the standard pi filter 
formulae. The transistor output and 
switching capacity is added to C1 and must 
be taken into consideration, 


Providing power through a resistance of 
app. 500Q has the disadvantage that part of 
the high-frequency output is lost. With the 
high amplification resources of modern 
GaAsFETs, we usually do not need all the 
amplification possible, since with amplifi- 
cation levels of 20dB there is already a 
danger of saturation for the receiver. 


Nor are the active modules in commercial 
amplifier engineering designed completely 


+12V 


C d DL8ZxX 


for maximum amplification. Instead, they 
bring about linear and stable behaviour by 
means of negative feedback, Nor is the 
once standard neutralisation used. The 
solution in (3) takes a fresh look at 
standard practise from valve engineering. 


Unfortunately, very little is written about 
negative feedback in amateur publications. 
With regard to HF amplifiers, you could 
ferret out something on linearity to help 
reduce the inter-modulation. Unfortu- 
nately, negative feedback in preamps 
usually makes the noise factor worse, 
except as shown in (4). 


3. 
PROPOSED CONSTRUCTION 


Now to the circuit options I propose for 
pre-amplifiers (Fig.2), One example is 
calculated for the 2-m. band, Table | 
shows the values for the 70cm, and 23cm. 
bands. Q = 12 is taken as the operational 
quality. 

Q 12 


C, = 2 eee 52 pF 
wR; 6,28 145- 10" 260 
its a 20,8 
' re) ‘ 
Xco = 9,5 
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1 1 
wXep 628-145: 10"- 9.5 


= 115 pF 


Xer + Xca 20,8 + 9,5 


meas, i Te te) 
w 6,28 - 145- 10° 


= 9,48 
ie 


The closest standard values can be used for 
the capacitors. Problems arise in bringing 
about very low inductance levels. For the 2 
m. coil, 3 windings were used with a 
diameter of 4 mm. (0.4 Cul wire). 
Matching can be done using a suitable 
ferrite core. For the higher bands, we just 
need a shorter wire strap! C2, laid out as a 
trimmer, allows the matching to be tuned. 
Cl should not be laid out as a trimmer 
because of the high internal inductance, 
although this could optimise the matching. 

Amateurs who have access to a network 
analyser can use the test rig shown in Fig.3 
for tuning. C2 and LI act as tuning 
elements (change length of wire strap). In 
addition, this output wiring can also be 
successfully used for mixed stages; ¢.g. for 
UHF/SHF mixers which convert, for ex- 
ample, to 2m, Here the mixer operates as a 
drain circuit for the input in the UHF/SHF 
range, since the drain connection through 
C1 for the input frequency is earthed. 


DL8Z2X = *2V 
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+12V 
DL8ZX 


ca. 
560 cain 


a GaAsFET amplifier 


(1) W6PO:Some GaAsFET 
Preamplifiers 
Eimac Applikation Note As-4931 
(2) YT3 MV: A very low-noise 
pre-amplifier for the L-band 
VHF Communications 2/92, p. 90 


Detlev Burchard: MES-FETishism 2 
VHF Communications 4/92, p. 223 


(4) DJ7 VY: New-type pre-amplifiers 
for 145 MHz and 435 MHz receivers 


Fig.3: 
Test rig with Network 
Analyser 


* soldered in for tuning 
only 
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Mike Wooding, G6IQM 


The Pont PSA-100 FFT 


Spectrum Analyser 
Review 


The Pont PSA-100is an Audio Spectrum 
Analyser operating in the frequency 
range DC to 25.6 kHz. Although reviews 
of such equipment do not usually appear 
in VHF Communications, | thought it 
worth a brief mention as many of our 
readers are professional engineers, and 
such instruments are used widely in 
broadcast and audio engineering. 


The unit has an impressive range of 
features for what is a relatively low-cost 
instrument. Using powerful Digital Signal 


reel 


Processing (DSP) techniques a range of 
measurements is made available, including 
basic audio spectrum analysis, auto-corre- 
lation, cepstrum analysis and a true RMS 
voltmeter mode. 


The instrument is very neat and compact, 
measuring 440 x 320 x 145mm _ and 
weighing only 6kg. The spectra or voltage 
measurements are displayed on a 5’' CRT, 
with an auxiliary composite video output 
to drive an external monitor and a parallel 
interface for a graphics printer. 


+o 
There are few user controls, the various 


measurement modes and parameters being 
sct up using on-screen multi-level menus, 


As standard the instrument is fitted with 
16k of battery backed-up RAM for record- 
ing measured spectra and measurement 
set-ups, Optional extra memory boards can 
be installed if required. Also available as 
optional extras are a GPIB/IEEE and 
RS-232C interface cards, to facilitate auto- 
matic measurements under external com- 
puter control. 


As previously mentioned, the measured 
spectra are displayed on a 5°’ CRT as a 400 
line image, with either a single full-screen 
image or two separate spectra, one in the 
top half and the other in the bottom half of 
the display area, The span of the image can 
be over the whole 25 kHz band or over any 
sub span (in powers of 2) down to a 
minimum of 12.5 Hz and the spectrum can 
be zoomed by up to 32768 times around 
any line. The instrument also has ‘smart’ 
cursors for spectral measurements, In the 
RMS voltmeter mode the display consists 
of large alphanumeric characters with the 
reading user-selectable in Volt or dB units, 


The basic parameters of the instrument are: 

— Input Sensitivity: ImV to 31.6V in 
10dB steps (manual or autorange) 

— Dynamic Range: non-linear distor- 
tion, spurious and alias products 
<-80dB below input sensitivity, 
except Ist spectral line which is 
<-40dB. 

— Absolute Amplitude Accuracy: +/- 
0.2dB at any input sensitivity level. 
Internal 2048 Hz voltage reference 
for auto-calibration. 

— Overall Frequency Response: +/- 
0.1dB from 10 Hz to 25.6 kHz at 
spectrum line centres (25.6 kHz 
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span). Maximum +/- 0.18dB with 
zoom filter (span less than 25.6 
kHz or in zoom mode). 

— Measurement Modes: Baseband 
Spectrum, Zoom. Autocorrelation, 
Cepstrum, 1/3 Octave, Full Octave 
and digital Voltmeter. 


In conclusion, this instrument represents 
real ‘value-for-money’ in these difficult 
times, with a price range that begins at 
£2200 for the basic model, Many of the 
instrument’s features are normally only 
found on much more expensive units and 
the basic accuracy of the measurement 
modes is more than enough for most 
modem measurement needs. The control 
functions are very ‘user friendly’ and the 
on-screen menus casy to navigate, 


My only real criticism, and this is only 
because I regularly use a Dynamic Signal 
Analyser with a much higher specification 
and price!, is that the bandwidth of the 
instrument is only 25.6 kHz,. This could 
tend to make audio harmonic measure- 
ments less meaningful, as the highest 2nd 
harmonic measurement than can be made 
is on a fundamental of 12.8 kHz, and the 
third harmonic on a fundamental of 8.5 
kHz. That aside, for many other types of 
measurement, including vibration, audio 
filter responses, and electroacoustic, then 
the instrument could more than fully 
suffice. Finally, I feel certain that at the 
relatively low cost the instrument could fill 
many needs in schools, colleges, universi- 
ties and educational institutes. 


For further information about the PONT 
PSA-100 contact: Manor Technology, 8 
Manor Road, East Tytherley, Salisbury, 
Wiltshire, SPS ILN, U.K. Telephone: 
0794 40923; International + 44 794 40923. 
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ANTECH @ 21 GoldingsClose, Haverhill 
Suffolk, CB9DEQ, England 
LEC TRONICS Tel: 044062779 Fax: 0440714147 


ASG+VOGAD 


24em Low cost Video transmitter, excellent miniature VFO design, 400m W output, 
12V DC input, Ready assembled and cased transmitter, 

24cm Two channel PLL video transmitter module, 400m W output, 26 Miz 
bandwidth. 12VDC input, complete built and tested surface mount assembly. 

24cm Power amplifier module to compliment TX V4000 series transmitters, 2.5 
Watt output, 12V DC input. 

24cm Pseudomorphic HEMT ultra low noise GaAsFET preamp, outstanding 
performance using 0.15dB noise figure PHEMT ! Supplied in weatherproof 1P65 
enclosure with N connectors, 

24em Down Converter, 40MHz IF output. 27dB Gain, 14B Noise Figure, Complete 
built and tested surface mount assembly 

Phase Lock Loop module based on Plessey SP5060 IC. Complete synthesiser on a 
single PCB, includes regulator and loop filter components. 

Camtech's complete video IF card demodulator, IF at 4OMHz with 6MHz sound 
demodulator all on a single Buro card PCB 

Intercarrier sound modulator board for TX V4000 series transmitters, enables you to 
transmit sound with your video pictures 


Specialist 24cm ATV suppliers, RF, Telecoms and Microwave design consultants 
+ PCB CAD and prototype/small volume manufacturing service. 
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TIMESTEP 


HRPT System 


Noise-free digital HRPT transmissions from NOAA, with a ground resolution of just 1. 1lkm, allow 


t 


images to be received in incredible clarity. Rivers, lakes, mountains, cities and even small towns can be 
seen on good days. Fishermen will appreciate the increased resolution of sea surface temperatures 
Image processing, including variable and histogram contrast equalisation combined with full colour 
editing, gives the best possible results from any image. Colour enhancement allows sea surface 
temperature and land details to stand out in high contrast. Any number of colour palettes can be j 
for future use. The sophisticated nm iven software allows all five bands to be saved and displayed 
» nearly all VGA and SVGA card to 1024 pixel 168 lines and 256 yur’s 

om to greater than pixel i rm both a use-driven zoom box or using a roamina 


zoom that allows real time dyt 
Sectioris of the image may be saved and converted to GIF images for easy exchanuc 


Latitude and longitude qridding combined with a mouse pointer readout of temperature will be availabl 
late in 1991 


Tracking the satellite is easy and fun! Manual tracking is very simple as the pass is about 15 minutes 


rach m is under development and expected by the end of 1991. A 4-foot dish and qood 
fer mmended. The Timestep Receiver sell-contained in an external case and 

ti | operation and a 7coll S meter for precise signal strength measurement and 
The data card is a Timestep design made under licence from John DuBois and Ed Murashi« 


Complete systems are available, call or write for a colour brochure 
SA Amateur Dealer. Spectrum International, P.O. Box 1084, Concord, Massachusetts 01742. Tel 508 263 214 


TIMESTEP WEATHER SYSTEMS 
Wickhambrook Newmarket CBS 8QA England Tel: (0440) 820040 Fax: (0440) 820281 
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TOA ODES 6 52 2S Bo eee de oe 


VGASAT IV & MegaNOAA APT Systems 
1024 x 768 x 256 Resolution and 3D 


Ihe est Satellite System can receive images from Meteosat, GOES. GMS, NOAA, Meteor, Okear 
Feng Y Using an IBM P¢ mpatibl mputer enables the display of up to 1024 pix« 68 
1 256 nultaneous wut re hace lepercding on the agrapl arcl Fitte We tive 
ear ofl kr un VGA ind SVGA cards. Extensive image proces } es realist 18) 
100 Frame Automatic Animation 
Animation of up to 100 full screen frames from GOES and Meteosat is built in, We call this ‘stand a 
wimation as it automatically receives images, stores them and continuously displays ther. Old imaae 
\ ically deleted and l with me 0 Ty mir plet 
UO) 4 1 ‘ 4 teh how tl 
NOAA Gridding a and d Temperature Calibration 
‘ itive MegqaNOAA | ih t | atellite eth 
f data. Automat) ariddis 1g and » You are he rf Ne tion help image-interpretation on clot 
" days. Spectacular colour ts built in for sunny summer days. Sell-calibrating temperature readout 
ables the mouse polriter to show longitude. latitude and temperature simultaneous! 
Equipment 
Meteosat /Goes 
710M yntenna (UK 7) 
"| Prea ier “1 20M 
") Met 1/GOl eco 
") VGASAT IV capture car 
"1 Capture card/receiver cable 
") Dish feed (coffee tin tune) 
Polar NOAA 
") Crosse 
“1 Quad H late 1991) “V4 
4 : OA r TPR : 
Ca " he 
Ca } te for further infor 
\f { ‘ t M 
1800-6214 " 
A Amateur D tr al PO Be 
rd. M 174 Bt i 


TIMESTEP WEATHER SYSTEMS 
Wickhambrook Newmarket CB8 BQA England Tel: (0440) 820040 Fax: (0440) 820281 
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described in VHF COMMUNICATIONS 


DBINV Digital Image-Store for the Spectrum Analyser Art.No. Ed. 4/1991 


PCB DBINVO10 6477 DM 44.00 
Components Processor P80C31; 12 1Cs; 1 Reg. IC, Transistor; 

Zener Diodes; Silicon Diodes; Chokes; RAM; 

EPROM DBINV 010; 4 x 2k Trimpots; Crystal 6478 DM 276.00 


DBINV Tracking Generator for the Spectrum Analyser = Art.No. — Ed. 1/1992 


PCB DBINVOILI 6479 DM 31.00 
F6ILR A Digital Slow-Scan Television Art.No. ED.3/1992 
F6BXC Transmit Coder 

PCB SSTVCODE | (KM Publications) SSTV1 £ 28,50 


DBINV Broadband VCO's using Microstrip Techiniques Art.No. Ed. 4/1992 


PCB DBINV012 6480 DM 33.00 
PCB DBINV013 6481 DM 33.00 
Components 400-1250 MHz 

3x BB619; 1 x BB811; 1 x BFG96; 2 x AT42085; 

1 x BFQ69; 2 x 2.2nF & | x 27pF Feed-through Cap.; 

SMC Connectors; 2 x 0.47 H SMD Choke; | x housing 


74x55x30mm; | PCB DBINV 012 6482 DM 81.00 
Components 450-1450 MHz 
as above but: | x BFG65 instead of BFG96 6483 DM 81.00 


Components 800 - 1900 MHz 
as above but: 4 x BB811 instead of BB619 and 


PCB DBINYV 013 instead of 012 6484 DM 85,00 
Tuning Diode BB619 10off 10450 DM 20.00 
Tuning Diode BB811 10off 10451 DM 31.50 


The above items are all supplied by, and obtained from, UK W-Berichte in Germany. 


To obtain supplies please contact your country representative for details of local prices and 
availability. Alternatively, you may order direct from UK W-Berichte or via KM Publications, 
whose addresses may be found on the inside front cover of this magazine. 


Plastic Binders for 
VHF COMMUNICATIONS 


@ Attractive plastic covered in VHF blue 

@ Accepts up to 12 editions (three volumes) 
@ Allows any required copy to be found easily 
@ Keeps the XYL happy and contented 


@ Will be sent anywhere in the world for 
DM8.00 + post and packing 


Please order your binder via the national 
representative or directly from UKW-BERICHTE, 
Terry Bittan OHG (see below) 


The elder editions of VHF COMMUNICATIONS are still 
obtainable for reduced prices from the publishers of 
UKW-Berichte. 


Subscription Volume Individual copy 


eac , each 


VHF COMMUNICATIONS 1992 
VHF COMMUNICATIONS 1991 
VHF COMMUNICATIONS 1990 
VHF COMMUNICATIONS 1988 to 1989 
VHF COMMUNICATIONS 1986 to 1987 
VHF COMMUNICATIONS 1985 
VHF COMMUNICATIONS 1980 to 1984 


(Edition 3,4/1982 no longer available) 


each DM38.00 
each DM35.00 
each DM27.00 
each DM25,.00 
each DM24.00 
each DM20.00 
each DM16.00 


each DM10.00 
each DM10.00 
each DM 7,50 
each DM 7.50 
each DM 7,00 
each DM 6,00 
each DM 4.50 


Individual copies out of elder, incomplete volumes, as long as stock lasts: 
1, 2, 4/1972 * 2, 4/1973 * 1, 3/1974 * 1, 2, 3, 4/1975 
3, 4/1976 * 1, 4/1977 * 1, 2/1978 * 1, 2, 3/1979 


Plastic binder for 3 volumes 


Post and packing minimum charges 


x ' 


in OHG - P. 


-D-9108 1Bai. 


each DM_ 2.00 
each DM 2.00 


each DM_ 8.00 


DM 14,00 


ort 
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Electronic Designs Right First Time? 


From Schematic Capture - 
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"EASY -PC Professional 


Create your schematics quickly and efficiently 
on your PC using EASY-PC Professional. 
Areas of the circuit can be highlighted on 
screen and simulated automatically using our 
PULSAR, ANALYSER Ili and Z-MATCH lf 
Simulation programs 


through Analogue and Digital Simulation - 


PULSAR 
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Z-MATCH HE 


if the results of the simulations are not as expected, the configuration and component values of the circuit 


can be modified until the required performance is achieved 


to Printed Circuit Board Design! 


The design, complete with connectivity, can 
then be transiated into the PCB. The 
connectivity and design rules can be checked 
automatically to ensure that the PCB 


matches the schematic 


Affordable Electronics CAD 


EASY PC: Low coat, entry level PCB and 
Schematic CAD 

EASY PC Professional Schematc Capture 
and PO CAD Links directly to ANALYSER 
it and PULGAR 


PULSAR: Low cost Digital Circuit Simulator 
1500 gate capacity 


PULSAR Professional: Digital Circut 
Simulator ~ 60,000 gate capacity 
ANALYSER lit; Low cost Linear Analogue 
Cirout Simulator ~ 130 nodes 
ANALYSER Iti Professional: Linear 
Analogue Ciroull Simulator ~ 750 nodes 


Z-MATCH th: Smith Chart program for RF 
Engineers « duect unport rom ANALYSER tit 


We operate a no penalty upgrade policy 
You can upgrade at any time to the 
Professional version of a program for the 
difference in price. 


$106.00 


$376.00 


$196.00 
$376.00 
$106.00 
$376.00 
$376.00 


uss 
prices 
wochude 
Post and 
Packing 


98.00 


£98.00 


£106.00 


(98,00 
£196.00 


€ 196.00 
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EASY PC Professional 


Ask for our fully functional 
Integrated CAD DEMO! 


Number One Systems Ltd. 


Ref: VHF, Harding Way, St. ives, 
Huntingdon, Cambs, PE17 4WR, UK. 


For Full information Please Write, Phone or Fax 


Tel: 0480 461778 
Fax: 0480 494042 


44 44. 480 494042 


